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AS  GOOD  AS  A  RAIN  FROM  BELOW 


Riding  the  sky  to  "seed"  rain  clouds  isn’t  the  most 
practical  way  to  give  newly  planted  crops  a  drink 
between  rains. 

An  older  and  more  dependable  way  is  to  put  a  good 

mulch  on  top  of  the  soil,  and  press  out  the  air  pockets 
below  it  Natural  laws  older  than  man-made  devices 
begin  to  operate.  They  actually  pull  water  up  from 
below  to  meet  thirsty  roots  or  dormant  seeds  that  need 
extra  moisture. 

Farmers  who  use  Brillion  implements  give  their  soil 

a  "rain  from  below,"  for  every  Brillion  implement . . . 
the  Sure-Stand  Seeder,  Pulvi-Mulcher  and  Pulveriaer 
.  .  .  leaves  a  firm  mulched  seedbed  as  shown  above. 


It  helps  speed  germination,  and  improve  plant  growth 
•and  root  development  —  all  of  which  means  more 
money  in  the  podcets  of  farmers  who  own  and  use 
Brillion  implements. 

Ask  your  Brillion  dealer  how  the  Sure-Stand  Seeder 
in  particular  does  a  moisture-saving  job. 

BRILLION  IRON  WORKS,  INC. 

Dept.  SG14-1  Brillion,  Wisconsin 


SURI-iTAND  SIIMR 

••TUCKS  tACH  SiSD  TO  BCD  — 

IN  THS  roe  HAir  inch  of  so/i.” 


TM  MIILION  SUaS-STANO  SIIDH. 
■••viii*  and  breai*,  pvIvariZM 

and  podu  is  o«a  oparolioa.  Avail- 
oW*  is  tbfN  litM. 


THI  MILLION  sun -STAND  OIAIN 
MILL.  Drills  0roifis  fwrtilisM*  iB»ds 

and  broms,  and  pulvwlm 
In  one  eporatioa. 


THI  IIILLION  eULVI-MULCHia. 
Fwlvarizat,  harrawt,  nulchM  and 

pocto.  Crwihot  Ivinpi  on  top  and  bo- 
low  Ml#  MrfoM. 


THI  MILLION  nULViniZin.  Avall- 
obla  in  tinala,  dowbl#  and  tripla 

gong  modolu  ond  o  wMo  vorltly 
of  wldthi. 


Implement  Dealers  Help  Hght  Erosion 

Thousands  of  progressive  fium  implement  deal* 
ers  are  in  the  fight  against  soil  erosion  and 
depletion.  An  eight-point  program  for  soil  con¬ 
servation  cooperation  has  been  organized  by 
the  International  Harvester  Company.  This 

program  is  designed  to  help  IH  represenutives 

and  IH  dealers  work  more  closely  and  effectively 

with  their  local  soil  conservation  districts. 

These  IH  men  are  using  a  handbook  pre¬ 
pared  by  the  Farm  Ecjuipment  Institute  and 

the  Soil  Conservation  Service-Tiba  Farm 
Equipmant  Dealer  tmd  His  Soil  Conservation 
District —to  guide  their  efforts.  They  are  get- 

INTERNATIONAL  HARVESTER 

Intontotienal  HorvMtwr  predwcli  pay  for  thaiwalvt  Im  «■#  — AAcCermidi  Farm  Eawipownt  and  Famall  Troctora  . .  . 

Motor  Trucks  . . .  Crawlor  Tractors  ond  Powor  Units  . . .  Rofrigaraters  and  Froosnrs — Oonoral  OHko,  CIiIcoqo  1.  IN. 


ting  better  acquainted  with  soil  conservation 
leaders  and  soil  conservation  projects  in  their 
communities.  They  are  using  their  intimate 
knowledge  of  farm  machines  to  figure  out  foster, 

easier,  lower-cost  solutions  to  soil  and  water 
conservation  problems  with  fegsderMcCormidc 

form  equipment. 

You’ll  find  IH  dealers  ready  and  eager  to 
work  with  you  and  other  soil  conservationists. 

They  know  that  they  better  serve  their  farmer 
customers,  their  own  interest— all  America— 

when  they  help  to  maintain  the  juroducdvity 
of  the  soil  in  their  communities. 


Your  Friend  Is  Your  Future,  Sonny! 


The  growing  emphasis  on  animal  agriculture  is  build-  valuable  manure  is  being  returned  to  the  land — both 

ing  more  versatile  and  more  prosperous  farms  year  by  grazing  animals  and  by  mechanical  spreading. 

after  year — because  animal  agriculture  best  serves  i  •»  i  u  •  •  t  •  i  •  u  __ 

^  ^  ^  °  In  Its  early  championing  of  an  animal  agriculture 

the  interests  of  our  soil.  program.  New  Idea  Division  of  Avco  Manufacturing 

.  Girporation  is  proud  to  have  lent  encouragement  to 

As  conservationists  we  know  that  animal  agriculture  ^  better  concept  of  farm  life.  Part  of  our  support  is 

puts  greater  importance  on  pasture  and  hay  crops—  to  provide  forward-thinking  farmers  everywhere 

for  forage,  for  erosion  control  and  for  soil  improve-  with  the  time  and  labor-saving  equipment  funda¬ 
ment.  Animal  agriculture  also  means  more  and  more  mental  to  soil  building. 


NiW  IDEA,  so  ymn  age,  daoolopad  and  gnrfnctnd  tlia  first 
twccnssfid  maniim  sgroodor.  Sine*  lima,  noorly  koH  a  millian 
fonnara  bova  ckatan  NEW  IDEA  Spraadnn  os  a  primary  moans 
of  kooging  thoir  soil  in  leg  gredveing  condilion. 


If  Ift  a  lt*t  a  good  idoal 

lllusiratod  litorotwro,  describing  NEW  IDEA  Spreaders  and  ather 
NEW  IDEA  specialized  form  machines,  will  be  sent  upon  reguest. 


Mew  ¥pbe 

PARM  IQUIRMIIIT  COMR# 

MWtieUIT  cteroMTiw 

Peps.  447,  Celdwoter,  OMe 
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hundred  years  ago,  Horace  Greeley  popularized 
an  idea:  “Go  West,  young  man,  and  grow  up  with  the 
country!”  If  Greeley  were  alive  today,  he  might  well  join 
the  modern  refiain:  “Grow  grass,  improre  the  soil, 

and  increase  production.** 

Fitting  naturally  and  logically  into  soil  conservation 
farming,  grass  has  become  one  of  America’s  new  frontiers. 
As  a  nation,  we  are  suddenly  aware  that  grasses  and  le> 

gumes  are  not  only  great  soil  holders  but  also  great  soil 
builders.  And,  thanks  in  part  to  better  grass  management, 

we  have  suddenly  realized  that  grasses  and  legumes  are 
money-makers,  too. 

So  grass  becomes  a  new  frontier — one  with  lots  of  room 
to  grow.  The  U.  S.  Department  of  Agriculture  reports 
that  of  about  1  billion  acres  now  in  grasslands,  probably 
not  more  than  lO  to  15  per  cent  is  improved.  Yet  there 
is  ample  evidence  that  many  of  these  acres  could  produce 
up  to  six  times  as  much  as  they  are  now  producing. 

Thus,  history  repeats  itself.  A  century  ago  pioneers  were 
putting  sod-busters  to  endless  fields  of  waving  prairie 
grasses.  Today,  farmers  all  over  the  country  are  rebuild¬ 
ing  grasslands  anew.  Modern  farm  equipment  makes  the 
job  easier,  faster,  bener. 

★  ★  ★ 

BELOW — On  a  Florida  cattle  ranch,  grass  is  put  to  work. 
This  tract  was  once  covered  with  natural  browse,  rugged 
but  unpalatable  grasses,  palmetto,  briars,  and  bushes. 
The  scrub  was  eradicated,  the  field  fertilized  and  esub- 
lished  in  highly-productive  pasture  grasses  and  legumes. 
When  the  picture,  below,  was  made  last  year,  this  field 
was  growing  a  good  crop  of  grass — but  not  good  enough. 
The  owners  knew  it  was  time  to  renovate — a  sp^dy, 
easy  task  with  modern  equipment. 
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5r  Blade  and  Bulldozer 


No  tingle  machine  will  do  to  many  toil  contervation 
fobt  to  eatily,  quiddy  and  economically  at  the  Autdn- 
Wettem  Power  Gra^  with  itt  ezclutive  All*Wheel 
Drive  for  maximum  traction  in  rough  or  toft  ground; 
30%  more  **power>at>the>blade’*  and  ezclutive  All* 


Wheel  Steer  for  high  tpeed  turning  and  maneuvering 
in  dote  quartert. 

The  bulldozer  attachment  hat  many  utet .  . .  filling 
gulliet,  blodcing  the  endt  of  level  terracet,  clearing  out 
bruth  and  tmall  treet,  to  mention  a  fiew. 


AUSTIN COMPANY  Subud'Ciy  of  6o/(J<*  n  lima  HomJfon  Corporofion  ■  AURORA,  ILLINOIS,  U.S.A. 
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Mounted  plow  for  the  WD  Tractor  is  free  swinging  — 
follows  naturally  around  ocmtoura.  Uniform  movement  oi 
dirt— easy  to  ccmtrol  with  this  tractor  and  plow  —  builds 
good  terraces. 

Vision,  clearance  and  hillside  stability  are  combined  in 
one  cultivating  outfit  for  earn  handling  on  contoured  hill¬ 
sides.  Soil  conservation  won  need  not  take  longer. 


The  CA  Tractor  with  mounted  drill  p^ter  does  an  accu¬ 
rate  job  of  planting  on  the  contour.  The  tractor  lead*  the 
planter  around  the  sl<^  —  assures  uniform  row  spacing 
where  rows  curve. 


Soil  conservation  has  moved  out  oi  the  talking  stage 
and  into  the  everyday  habits  oi  almost  a  mfllion 
farmors.  Even  a  quick  throu^the-windUhidd  sur¬ 
vey  shows  the  new  attmitkm  being  paid  to  contour 
farming,  grassed  waterways,  terraces  and  efficient 
drainage  of  wet  land. 

The  progress  that  has  been  made  is  encourag¬ 
ing,  but  soil  consorvation  wmkers  know  that  it  is 
only  a  start,  b  <Mrganized  soil  consmvatkm  districts 
farmers  learn'  how  to  ap|dy  many  types  of  land¬ 
saving  {uactkes.  But  the  rate  at  which  they  diift 
to  this  new  fBurming  pattmn  is  oftmi  limited  by  the 
extra  time  and  labor  required  to  make  both  surveys 
and  the  needed  changes  in  land  use. 

Soil  saving  and  time  saving  go  together  with  the 
ri^t  power  equipment  ri^tly  used.  AUis-Qudmers 
WD  and  CA  Tnurtors  use  caigine  power  in  more 
ways  than  ever  befive  —  to  increase  traction  for 
sudi  jobs  as  subsoOing  and  building  terraces,  to  q»oe 
rear  wheels  to  fit  eadi  job,  to  operate  power  take¬ 
off  equipment  ind^imidmit  of  tractw  motion. 

Most  recommended  soil  conservation  practioes 
can  be  carried  out  effectivdy  with  modem  home- 
owned  poww  equipment.  Tractors  sudi  as  CA 
and  WD  can  be  the  key  to  wider  acc^ttance  oi  the 
new  frurming  pattern. 
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Cover:  A  stand  of  virgin  hardwcods  on  Claremont  silt  loam  soil  in  Jennings 
County,  Indiana.  The  soil  is  poorly  drained  and  for  the  most  part  level.  When 
cleared  of  tree  growth  and  cultivated,  the  finer  soil  particles  filter  down  to  plow 
depth  creating  a  hard  pan  which  prevents  all  movement  of  soil  water.  Because 
of  these  factors,  this  land  should  remain  in  woods. 
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It  is  one  diing  to  seed  and  establish  grassed  water* 
ways . . .  quite  another  to  have  die  field  tools  diat  will 
protect  these  waterways.  Massey-Harris  has  them. 

Shown  above,  for  example,  is  a  Mass^-Harris 
heavy  duty  Goble  mounted  disc  diat  can  be  raised  and 
carried  across  the  waterway  . . .  avoids  tearing  up  die 
turf.  Similarly,  mounted  plows  for  die  Massey-Harris 
Tractor  can  be  lifted  and  carried  across  grassed  water¬ 
ways  —  without  even  so  mudi  as  slowing  down  the 


tractor.  For  puU-Qrpe  discs,  plows,  heavy-du^  field 
culdvators  a  Massey-Harris  remote  hydraulic  control 
can  be  installed  to  strai^ten  and  angle  the  discs  udiile 
"on  die  go”  —  as  well  as  lift  die  equipment. 

These  are  just  a  few  examples  oi  how  Massq^ 
Harris  tools  help  you  promote  soil  conservation.  It 
shows  diat  we  must  al|  work  togedier  to  HELP  SAVE 
OUR  SOIL.  The  Massey-Harris  Company,  Quali^ 
Avenue,  Radne,  Wisconsin. 


Hugh  Bennett  to  New  Job;  Salter 
Takes  Over  as  SCS  Chief 


Dr.  Hugh  H.  Ben¬ 
nett,  Special  Assist- 
mt  to  the  Secretary 
in  charge  of  Conser¬ 
vation  and  Resource 
Matters;  also 
Founder  of  the 
Soil  Gjnservation 
SooETY  OF  America 


A  move  of  major  interest  in  the  field  of  s(^  omi* 
servadon  was  made  on  November  15  when  Dr.  Hugh 
Hammond  Bennett  moved  up  to  a  new  posidon  as  spe¬ 
cial  assistant  to  the  Secretary  of  Agriculture  in  charge 
of  conservadon  and  resource  matters.  Dr.  Robert  M. 
Salter,  Chief  of  the  Bureau  of  Plant  Industry,  Soils  and 
Agricultural  Engineering,  was  named  to  succeed  Ben¬ 
nett  as  Chief  of  the  Soil  Conservation  Service. 

Dr.  Bennett — '*Big  Hugh”  as  he  is  known  by  many 
throughout  the  United  States,  had  been  Chief  of  the 
S<m1  Conservation  Service  since  it  was  first  established 
as  the  Soil  Erosion  Service  in  1933.  He  carries  to  his 
new  posidon  48  years  of  world-wide  experience  in  the 
resources  conservadon  field.  Founder  of  the  Soil  Con¬ 
servation  Society  of  America,  Bennett  has  been  credited 
with  having  done  more  than  any  other  agricultural  lead¬ 
er  to  promote  soil  conservadtm  in  the  world. 

His  successor,  ”Bob”  Salter,  is  no  newcomer  to  the 
agricultural  scene.  In  his  35  years  of  experience  in  crops, 
soils  and  related  agricultural  fields.  Dr.  Salter  has 
worked  closely  with  soil  conservationists  and  has  given 
attention  to  that  program  throughout  his  career. 

Starting  in  1915,  he  spent  six  years  with  the  West 
Virginia  Experiment  Stadon  as  a  sml  chemist  and  later 
as  an  agronomist.  Then  he  went*to  Ohio  as  extension 
agronomist  and  professor  of  smls.  From  1925  to  ISKO 
he  was  in  charge  of  crops  and  smls  at  the  Ohio  Agricul¬ 
tural  Experiment  Station. 

During  his  last  two  years  at  Ohio,  he  was  associate 
director  of  the  sudon.  And,  as  director  of  Ohio’s  soil 


research,  he  helped  the  Soil  Cmiservadon  Service  es¬ 
tablish  one  of  the  first  erosion  experiment  sudons  and 
some  of  the  early  demonstradon  project  areas.  His 
work  in  Ohio  included  fundamental  studies  on  soil  de- 
tenoradon  and  soil  improvement.  His  research  was 
instrumenul  in  die  develt^ment  of  soil  producdvity  in¬ 
dexes  which  were  used  to  measure  soil  deterioration  in 
that  state 

Dr.  Salter,  who  has  a  150-acre  farm  in  Maryland 
about  35  miles  from  Washingtim,  brings  to  his  new  job 
a  reputation  as  a  good  administrator  as  well  as  a  scien¬ 
tist.  His  first  public  appearance  as  Chief  of  the  Sml 
Conservation  Service  was  made  at  the  annual  meeting 
of  the  Soil  Conservadmi  Society  of  America  at  Mem¬ 
phis,  November  13.  In  a  short  talk  during  the  banquet 
program.  Dr.  Salter  pledged  himself  to  carry  forward 
the  principles  on  which  the  present  national  soil  and 
water  conservadmi  program  is  conducted.  Following 
that  meeting,  he  left  on  a  nadon-wide  tour  to  acquaint 
himself  with  more  of  the  SCS  work  and  employees 
throughout  the  country. 

The  beloved  Hugh  Bennett,  who  at  70  has  given  up 
acdve  leadership  of  the  agency  he  headed  since  its  be¬ 
ginning,  is  by  no  means  forsaking  the  cause  to  which  he 
devoted  his  life.  In  announcing  the  appointment,  Sec- 
reury  Charles  F.  Brannan  said  he  was  locddng  forward 
to  the  use  of  Dr.  Bennett’s  wide  and  rich  experience  on 
his  staff.  hope  that  Dr.  Bennett  will  give  the  world 
many  more  years  of  his  tedents  and  energy,  but  he  al¬ 
ready  has  monuments  to  his  ability  in  every  rural  area 
of  America  where  soil  conservation  is  practiced.*^ 


Dr.  Robert  N. 
Salter,  Chief,  U.S, 
Soil  Conservation 
Service 
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Soil,  The  Substance  of  Things  Hoped  For 

_ FIRMAN  E.  BEAR 


This  paper  by  Dr.  Firman  E.  Bear  was  presetUed  as 
the  principal  address  during  the  banquet  at  the  Sixth 
Annual  Meeting  of  the  SCSA  held  tii  Memphis,  No~ 
vember  12’14,  1951.  Dr.  Bear,  a  Charter  Member  of 
the  Soil  Conservation  Society  of  America,  is  Head,  De¬ 
partment  of  Soils,  Rutgers  Umversity,  New  Brunswick, 
New  Jersey.  He  serv^  as  President  of  th  SCSA  dur¬ 
ing  1950  attd  is  now  a  mmber  of  the  Council. 

IN  THE  INTRODUCTION  to  Robert  C.  Cook’s 
recent  book,  '^Human  Fertility,  the  Modern  Dilemma,” 
Julian  Huxley  writes  that  "human  population  is  prob¬ 
ably  the  gravest  problem  of  our  time — certainly  more 
serious  in  the  long  perspective  than  war  or  peace.” 

Cook  pc^ts  out  that  world  population,  now  estimated 
at  2 14  billion,  is  increasing  at  the  rate  of  68,000  every 
24  hours.  This  is  equivalent  to  29  million  a  year.  The 
rate  of  population  growth  in  the  United  Sutes  is  higher 
than  the  average  for  the  rest  of  the  world. 

When  Captain  John  Smith  first  set  foot  on  the  shore 
of  Virginia  in  1607  the  1,903  million  acres  of  land  that 
now  constitute  the  United  Sutes  of  America  was  in¬ 
habited  by  some  800,000  Indians.  Each  of  these  Indians 
had  2,400  acres  of  land  at  his  disposal.  Today,  only  344 
years  later,  our  population  is  over  190  million  and  the 
amount  of  land  for  each  person  has  been  reduced  to  12 
acres.  Over  half  of  this  is  desert,  mounuin,  lake,  and 
swamp. 

Previous  to  their  coming  to  America  our  European 
ancestors  had  never  seen  corn,  poutoes,  tobacco,  pea¬ 
nuts,  or  tomatoes.  They  tasted  these  Indian  crops,  liked 
them,  and  soon  set  about  growing  them.  Cotton,  another 
crc^  with  which  they  had  had  no  experience,  grew  well 
in  the  South.  In  a  surprisingly  short  time  the  farmers 
of  this  country  were  growing  190  million  acres  of  these 
cn^  every  year.  They  plowed  the  land,  planted  the 
crops  in  long  straight  rows,  cultivated  between  the  rows, 
and  developed  the  most  destructive  type  of  agriculture 
the  world  has  ever  known. 

Public  Senttment  Was  Aroused 

Our  people  are  mechanical  minded.  The  2,000  trac¬ 
tors  of  1910  grew  to  3^2  million  faster-moving  types  by 
1990.  The  horse  and  mule  populatimi  fell  from  29  mil- 
licm  to  7^2  million.  Fences,  the  Maginot  line  against 
erosion,  were  torn  out  to  make  more  roun  for  the  trac¬ 
tors.  This  gave  the  wind  and  water  a  longer  sweep.  As 
a  result  millions  of  tons  of  good  topsoil  were  carried 
down  the  slopes  and  dumped  into  the  rivers.  Mud 
clogged  the  harbors.  Silt  poured  into  the  reservurs,  re¬ 
ducing  their  storage  capacity  from  one  to  three  per  cent 


a  year.  And  dust  storms  tore  the  soil  loose  from  iis 
mornings  in  Kansas  wheat  fields,  spread  it  over  the  coun¬ 
try  to  the  east,  and  carried  some  of  it  mi  out  to  sea. 

The  handwriting  of  erosimi  was  plain  for  everyone  to 
see.  People  in  high  places  began  to  be  cognizant  of  the 
damage  that  was  being  done.  PuUic  sentiment  was 
aroused.  The  Soil  Conservation  Service  came  into  ex¬ 
istence.  Strip-cropping,  cMitour-farming,  the  growing 
of  mtwe  sod-crops,  the  seeding  of  more  cover  crops,  and 
the  planting  of  forests  got  under  way.  Farmers  began  to 
realize  that  it  was  necessary  to  take  greater  advantage 
of  roots  as  a  means  of  sewing  the  soil  to  die  earth.  But 
milliMis  of  acres  of  good  land  had  been  ruined  before 
this  came  to  pass. 

In  1607  virtually  all  the  land  east  of  the  Mississippi 
River,  except  for  the  prairies  of  northern  Indiana  and 
Illinois,  was  covered  with  forest.  A  squirrel  could  have 
gone  from  Maine  to  Louisiana  without  touching  the 
ground,  merely  by  jumping  from  one  giant  tree  to  the 
next.  These  trees  were  in  our  way.  So  we  cut  them 
down,  burned  them  up,  laid  bare  the  land,  and  put  it  to 
the  plow. 

Judging  by  the  luxuriance  of  these  forests,  one  would 
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have  thought  that  the  soil  beneath  them  was  highly  pro¬ 
ductive.  For  the  moment,  it  was.  But  once  the  trees  had 
been  cleared  o£F  and  the  soil  had  been  brought  under 
cultivation  a  large  part  of  the  accumulated  organic  mat¬ 
ter  was  soon  used  up.  Then  we  discovered  that  the 
underlying  soil  had  lost  virtually  all  its  soluble  substance 
to  the  sea.  Limestone,  phosphate,  and  potash  salts  had 
to  be  supplied.  Last  year  American  farmers  bought  and 
applied  nearly  ^0  millicm  tons  of  these  soil  amendments. 
This  is  enough  to  fill  a  line  of  40-t(xi  freight  cars  ex¬ 
tending  nearly  four  times  the  distance  from  New  York 
to  San  Francisco. 

The  farther  west  one  goes  in  the  United  States  the 
less  the  rainfall  and  the  smaller  the  amount  of  soluble 
material  that  has  been  washed  out  of  the  soil.  In  the 
desert  areas  s<h1s  are  highly  productive,  once  irrigation 
has  been  applied.  Some  25  million  acres  of  desert  land 
is  being  irrigated,  and  there  is  water  for  some  20  million 
more.  East  of  the  130  million  acres  that  constitute  the 
Great  American  Desert  is  a  600  million-acre  area  of 
semi-desert,  with  a  rainfall  of  10  to  20  inches.  Smne 
300  million  additional  acres  is  contained  in  the  sub- 
humid  portion  of  the  Great  Plains.  All  these  regions 
need  water  rather  than  lime  or  fertilizer. 

Farther  east  a  vast  area  of  rich  black  soil  extends  from 
the  Dakotas  south  to  Texas.  This  land  needs  phosphate 
and  potash,  but  not  lime.  East  of  this  black-land  area, 
where  the  rainfall  is  still  heavier,  both  lime  and  fer¬ 
tilizer  have  to  be  used  in  large  amounts.  Over  73  per 
cent  of  the  world’s  food  comes  from  such  humid  areas. 
By  and  large,  it  is  easier  to  haul  the  necessary  salts  back 
from  ancient  seas  and  put  them  cm  the  land  from  which 

they  came  than  it  is  to  provide  the  much  larger  tcMinages 
of  water  that  are  required  to  bring  more  of  the  desert 

under  productimi. 

But  the  problem  of  maintainh^  adequate  supplies  of 
nutrient  elements  in  the  sc^s  of  humid  regimis  becomes 
more  and  more  trouUesome  as  the  years  go  by.  Virgin 

fertility  has  largely  been  exhausted.  We  are  no  longer 

satisfied  with  the  yields  that  unaided  Nature  can  pro¬ 
vide.  The  modem  goal  is  100  bushels  of  com,  30  bushels 
of  wheat,  300  bushels  of  potatoes,  20  tons  of  tomatoes, 
and  five  tmis  of  alfalfa  hay  an  acre. 

Defidendes  in  Trace  Elements  Are  Common 

As  the  soil  becomes  older  agriculturally  and  the  yields 
are  stepped  up  by  growing  improved  hybrids  and  disease- 
resistant  varieties,  by  using  improved  tillage  implements, 

and  by  applying  more  lime  and  NPK  fertilizer,  other  de- 
fidencies  develop.  In  certain  areas  magnesium  must  be 
supplied.  In  other  areas  sulfur  is  needed.  Under  some 
circumstances  iron  deficiencies  develop.  In  still  others 


the  limiting  factor  in  plant  and  animal  production  is  a 
lack  of  bortm,  molybdenum,  copper,  manganese,  zinc, 
cobalt,  or  iodine.  These  last  seven  minor  elements  pre¬ 
sent  some  of  our  most  troublesome  problems. 

Take  boron,  for  example.  Over  12  per  cent  pf  the 
soil  of  New  Jersey  is  known  to  be  in  need  of  this  element 
for  maximum  productiveness.  Field  tests  with  alfalfa 
have  shown  that  a  23-pound  applicatiem  of  borax  an  acre 
may  make  all  the  difference  between  success  and  failure. 
It  is  not  uncommon  to  be  aUe  to  increase  yields  of  hay 
as  much  as  one  ton  an  acre  by  applying  73  cents’-worth 
of  borax. 

More  recently  we  have  been  intrigued  by  the  possibil¬ 
ity  of  widespread  need  for  molybdenum.  In  the  begin¬ 
ning  phases  of  our  work  on  this  element  on  alfalfa  we 
had  great  difficulty  develt^ing  a  defidency  in  plants 
grown  in  sand  culture.  Finally,  by  redistilling  the  water 
and  recrystallizing  all  the  nutrient  salts,  deficiency  symp¬ 
toms  were  developed  in  sand  cultures.  The  plants 
stopped  growing  and  turned  yellow.  But  all  that  was 
required  to  start  them  mi  again  was  one  part  molyb¬ 
denum  in  mie  billion  parts  of  the  nutrient  solution.  Yet 
during  the  past  year  a  New  Jersey  vegetable  grower 
plowed  under  43  acres  of  cauliflower  that  couldn’t  pro¬ 
duce  heads  because  the  soil  lacked  available  molyb¬ 
denum. 

The  soil  of  this  great  land  of  ours  is  capable  of  pro¬ 
ducing  food  in  abundance  for  possibly  one  billion  peo¬ 
ple.  Hopefully,  there  will  never  be  that  many  people  to 
feed.  But  if  the  time  comes  that  there  are,  much  more 
of  the  total  expendable  budget  will  have  to  be  invested 
in  food.  Some  outlying  land  will  have  to  be  reclaimed 

from  the  sea.  Additional  water  for  irrigation  will  have 
to  be  distilled  from  the  ocean.  T remendous  tonnages  of 
lime  and  fertilizer  will  have  to  be  used.  Floods  will  have 
to  be  brought  under  complete  control.  The  soil  on  every 
acre  of  land  will  have  to  be  conserved.  The  problems  of 

growing  enough  food  for  all  these  people  will  be  very 
serious  ones.  JVe  will  have  to  be  satisfied  with  less  meat 
and  more  bread,  potatoes,  and  vegetables.  Some  of  our 
less  fortunate  folks  may  go  to  bed  hungry,  as  do  millions 
of  people  every  night  in  the  more  densely  populated 
parts  of  the  earth. 

The  Soil  Conservation  Society  of  America  is  dedicated 

to  the  task  of  conserving  the  nation*s  soil,  water,  and 

life  resources  to  the  end  that,  whatever  the  final  popu¬ 
lation  may  be,  the  issue  can  be  met.  It  feels  under  obli¬ 
gation  to  leave  no  stone  unturned  to  the  end  that  our 

land  is  conserved  and  its  productivity  is  not  only  main¬ 
tained  but  raised  to  ever  higher  levels.  Its  aim  is  to  see 
to  it  that  our  increasing  numbers  of  fine  young  folks 
continue  to  enjoy  the  fruits  of  the  earth  in  abundance. 
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The  Watershed — Using  it  as  a  Basis 
for  Soil  and  Water  Conservation 


Getting  the  Facts  Through  Surveys 
and  Investigations 

_ H.  E.  HUDSON,  JR.  and  J.  B.  STALL 

CoUecting  basic  data  on  soU  and  water  resources  is  the  starting  place  in  project  design. 

The  watershed  is  a  natural  ** water  handUng**  unit  and  has  important  advantages  as  a  basis 
for  collecting  and  analyzing  facts.  Recurring  measurements  are  necessary  for  most  hydro- 
logic  facts.  Non-recurring  measurements  are  suitable  for  land  facts  with  noted  exceptions, 

A  continuing  program  of  study  of  reservoir  sedimentation  in  Illinois  has  shown  the  effect 
of  human  activities  on  the  transport  of  sediment  by  water.  Local,  state  and  federal  agencies 
must  collaborate  to  insure  well-rounded  programs  of  data  collection,  Illinois  experience 
proves  these  people  can  work  together  effectively. 


THE  LAWS  OF  NATURE  govern  the  effective  c<m- 
servation  and  development  of  our  land  and  water  re¬ 
sources.  These  laws  are  not  limited  by  the  boundaries 
of  a  valley  authority,  a  conservancy  district  or  a  water¬ 
shed  boundary. 

A  watershed  is  generally  ctmsidered  to  be  the  geo¬ 
graphic  area  of  overland  drainage  which  contributes 
waters  to  the  flow  of  a  parti^lar  stream  at  a  chosen 
point.  It  is  a  "water  collection”  and  "water  handling” 

unit,  a  topographic  entity  which  is  usually  surrounded 
by  other  entities  of  the  same  nature. 

A  great  river  basin  ctnisisting  of  an  entire  region 
drained  by  a  major  continental  river  and  its  tributaries  is 
a  comprehensive  mass  of  variable  facts,  but  the  water¬ 
sheds  within  the  basin  are  frequently  small  enough  and 

homogeneous  to  let  us  gather  all  the  facts,  correlate 
them,  understand  the  applicable  laws,  and  intelligently 
design  and  build  successful  conservation  developments. 

H.  E.  Hudson,  Jr.,  Head,  Engineering  Suh-Division,  Illinois 
Slate  Water  Survey,  Urbana,  Illinois,  directs  a  major  part 

of  the  state’s  continuing  engineering  program  of  basic  data 
collection,  research  and  evaluation  of  water  resources  includ¬ 
ing  work  in  the  fields  of  surface-water  and  ground-water 
hydrology,  and  meteorology. 

J.  B.  Stall,  Assistant  Engineer,  Illinois  State  Water  Survey, 
has,  since  1946,  been  working  on  the  staters  program  of 
reservoir  sedimentation  study,  and  is  co-author  of  a  number  of 
the  reports  on  Illinois  work.  He  is  a  member  of  the  Soil  Con¬ 
servation  Society  of  America. 

This  paper  was  presented  at  the  Sixth  Annual  Meeting  of 
SCSA  held  in  Memphis,  November  12-14,  1951. 


We  cannot  do  an  intelUgent  basin-wide  job  until  we 
understand  the  functioning  of  the  watersheds  within  the 
basin. 

The  drainage  area  is  a  natural  unit  in  the  important 

runoff  phase  of  the  hydrologic  cycle.  It  should  be  noted 

however,  that  other  phases  such  as  evaporation,  rainfall, 
and  the  occurrence  of  ground  water  do  not  necessarily 
follow  drainage  area  boundaries.  For  instance  the  rain¬ 
fall  pattern  in  Illinois  is  affected  less  by  the  low  divides 

which  enclose  the  Illinois  River  basin  than  it  is  affected 

by  the  climatic  change  between  northern  and  southern 
Illinois. 

Water  conservation  programs  may  be  aimed  at  con¬ 
serving  energy,  as  in  reducing  floods,  or  generating 

hydroelectric  power,  both  of  which  generally  aid  in  in¬ 
creasing  the  minimum  stream  flows;  or  they  may  be 

aimed  at  cMiserving  materials,  such  as  programs  for  re¬ 
duction  of  pollution  or  reducticMi  of  silt  load.  Soil  cmi- 
servation  programs  are  aimed  primarily  at  conserving 
material  through  preventing  physical  loss  of  soil  and 

fertility;  and  toward  maintaining  high  crop  yields. 

S(^  and  water  ccmservation  programs  that  will  stand 

the  test  of  time  require  decisions  based  on  facts  on  the 
physical  situadcm.  Getting  the  facts  therefore  is  funda¬ 
mental  to  every  conservation  program,  and  to  enable 
good  program  planning,  fact  collection  should  be  as 
complete  as  we  can  make  it.  The  cost  of  gathering  the 
basic  data  on  water  and  soil  resources  is  small  in  com¬ 
parison  to  project  costs  but  mily  the  facts  can  enable 
design  in  compliance  with  nature’s  laws. 
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There  are  two  general  kinds  of  fact  collection:  Re¬ 
curring,  and  non-recurring.  For  things  that  change 
rapidly  we  need  extended  programs  of  repeated  measure¬ 
ments. 

Water  Resource  Facts 

Since  water  resources  are  renewable,  they  require  ex¬ 
tensive  coilecticMi  of  recurring  measurements.  In  a  par¬ 
ticular  regimi  there  is  need  for  long-time  recording  of 
intensity  and  duration  of  precipitation  and  for  data  on 
the  character  of  the  more  intense  rainstorms.  These  are 
intimately  related  to  erosion  and  flood  problems. 

Meteorologic  data  are  usually  available  over  a  longer 
period  of  time  than  other  hydrologic  data.  The  cost  of 
c(Jlection  of  precipitation  data  is  comparatively  low. 
Frequently  long-time  precipitation  records  are  highly 
valuable  in  extending  stream-flow  recmxls  or  other  rec¬ 
ords  which  are  available  in  more  detail  but  for  a  shorter 
or  interrupted  period  of  time. 

Stream-gaging  within  the  watershed  is  essential  for 
estimation  of  sediment  transport  as  well  as  for  design 
of  water  projects.  Closely  related  to  stream  flow  gaging 
is  the  measurement  of  sediment  transported  in  the 
streams,  for  sediment  concentrations  must  be  correlated 
with  the  volume  of  stream  discharge  to  learn  the  total 
quantities  of  sediment  transported.  A  fairly  complete 
program  of  stream-flow  gaging  has  been  developed  in  this 
country  since  the  turn  of  the  century  by  the  United 
States  Geological  Survey.  Such  gaging  stations  are 
generally  operated  on  a  matched-funds  basis  with  the 
state  or  local  agency  contributing  half  of  the  cost  of 
the  work.  About  170  statiems  are  now  in  c^ratitm  in 
Illinois  or  on  its  boundaries  and  11,370  in  the  entire  48 
states. 

While  the  measurement  of  meteorologic  and  surface 
water  phenomena  progresses,  there  is  need  to  gather  in¬ 
formation  on  ground  water  conditions.  These  include 
studies  of  the  waterproducing  formations,  the  availa¬ 
bility  of  ground  water,  and  the  relati<Hiships  of  ground 
water  occurrence  to  surface  and  meteorological  waters. 
At  the  same  time  it  is  important  to  make  frequent  analy¬ 
ses  of  water  quality,  both  underground  and  in  the 
streams,  to  determine  chemical  characteristics. 

A  good  deal  may  be  learned  from  stream  flow  records. 
For  example,  recent  Water  Survey  studies  on  the  c<m- 
tributions  of  overland  (runoff)  flow  to  streams  as  com¬ 
pared  with  ground  water  discharge  indicate  that  nearly 
two-thirds  of  the  annual  stream  flow  in  Northern  Illinois 
came  from  groundwater,  while  in  Southern  Illinois  less 
than  ten  per  cent  of  the  stream  flow  passed  through  die 
earth. 

Data  on  two  extremely  large  factors  in  the  water  cycle, 
evaporation  and  transpiration,  are  gravely  needed.  Losses 
due  to  evapo-transpiration  are  commonly  greater  than 


the  stream  flow.  Data  on  these  factors  are  scarce  due  to 
the  lack  of  adequate  methods  of  measurement;  yet  in 
many  cases,  the  success  or  failure  of  a  watershed  con¬ 
servation  program  may  be  determined  by  adequate 
knowledge  of  these  items. 

The  recurring  measurement  of  hydrologic  information 
requires  cooperation  of  the  state  or  local  agency  with 
many  other  agencies  such  as  the  U.S.G.S.,  which  carries 
on  stream-gaging  wtM’k,  the  U.S.  Weather  Bureau,  which 
does  extensive  climatologic  data  collection,  as  well  as 
with  many  others.  The  Illinois  Water  Survey  has  been 
in  this  particular  field  of  activity  for  some  fifty-six  years, 
and  its  program  is  therefore  fairly  extensive.  Its  present 
program  includes  studies  of  precipitation  with  radar,  an 
extensive  program  of  collection  of  ground  water  data, 
and  a  dzable  program  of  water  quality  determination. 

Other  water  resource  information  must  be  collected 
on  a  non-recurring  basis.  This  includes  some  of  the 
ground  water  data  for,  except  where  the  works  of  man 
intervene,  ground  water  situations  change  slowly  and 
may  be  studied  on  a  non-recurring  basis,  or  with  a  re¬ 
currence  interval  of  many  years.  There  is  need  for  map¬ 
ping  of  stream  channels,  reservoir  volumes,  land  slopes, 
and  of  other  slowly-changing  things.  In  general,  these 
latter  measurements  may  be  carried  cm  at  intervals  not 
more  frequent  than  once  in  ten  years,  if  that  often.  For 
example  the  first  survey  of  Lake  Decatur  was  made  in 
1931.  Subsequently  a  detailed  survey  was  made  in  1936, 
and  another  detailed  survey  in  1946. 

Land  Resource  Facts 

Changes  in  die  land  are  less  rapid  dian  those  that  take 
place  in  streams,  and  data  need  not  be  obtained  so  often. 
For  example,  the  frequency  of  soil  mapping  may  be  de¬ 
termined  by  the  development  of  improved  classifications 
rather  than  by  changes  in  the  soils.  Measurements  of  the 
soil  resources  that  are  necessary  to  the  planning  of  any 
watershed  program  include  mapping  of  the  distribution 
of  soils,  slopes  and  erosion,  studies  of  the  character  of 
the  soils  in  the  basin,  investigation  of  subset  conditions, 
and  identification  of  sediment  sources,  either  by  in¬ 
spection  of  the  land  or  by  analyses  of  accumulated  sedi¬ 
ments. 

One  method  of  determining  the  rate  of  erosion  and 
the  amount  of  sediment  which  is  being  transferred  frmn 
the  land  into  the  river  waterways  is  by  measurement  of 
sediment  deposits  in  reservmrs.  The  Illinois  State  Water 
Survey  has  been  active  in  this  field  for  more  than  20 
years.  All  its  work  is  carried  out  under  a  cooperative 
program  involving  all  the  major  agencies  which  have 
information  of  value  in  relation  to  sedimentation. 

The  Illinois  program  of  sedimenatkm  study  includes 
field  work  in  measuring  the  actual  amount  of  sediment 
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accumulated  in  reservoirs,  and  in  compiling  the  hydro- 
logic  and  engineering  facts  relative  to  each  of  the 
reservmrs.  The  lake  owners  provide  records  of  construc¬ 
tion,  modificatiiMis,  and  use,  and  furnish  labor  to  aid  in 
the  actual  surveys.  The  Office  of  Research,  Soil  Crni- 
servation  Service,  contributes  technical  advice  and  guid¬ 
ance  and  furnishes  equipment  for  some  of  the  work. 

Cooperating  in  the  studies,  the  S<m1  Conservatitm 
Districts  within  the  counties,  and  State  and  Soil  Cmi- 
servation  Service  smls  surveyors  work  on  the  collection 
of  data  on  the  erositm  rni  the  land.  The  data  include  a 
complete  or  sample  conservation  survey  of  the  watershed 
for  each  reservoir  surveyed,  involving  location  of  eroding 
areas,  extent  and  degree  of  erosicm,  slopes  of  land,  and 
soil  groups  involved  in  the  erosion  process.  The  Agri¬ 
cultural  Experiment  Statimi  of  the  University  of  Illinois 
analyses  samples  of  sediment  taken  during  the  engineer¬ 
ing  survey  of  the  lake  to  determine  the  character  of  the 
sediment. 

Under  the  coc^rative  program,  data  are  now  available 
<m  41  reservmrs  in  Illinw.  Detailed  surveys  have  been 
made  on  18  reservoirs;  reconnaissance  surveys  on  17. 
Preliminary  cross-sections  have  been  taken  on  six  new 
reservoirs  during  ccmstruction. 

The  Illinois  reservoir  sedimentation  program  has  not 
yet  determined  all  the  separate  effects  of  the  many 
physical  factors  involved  in  sml  erosion  and  sediment 


movement.  Certain  general  relati(ms  have  evolved,  how¬ 
ever,  as  shown  in  Figure  1,  which  summarizes  die  Illinois 
data.  From  this  graph  it  is  seen  that  die  contribudon  of 
sediment  into  reservoirs  from  small  watersheds  is  greater 
per  square  mile  than  the  amount  of  sediment  that  arrives 
in  reservmrs  which  receive  the  flow  from  large  water¬ 
sheds.  Large  watersheds  do  cause  more  reservoir  silting 
than  small  ones,  but  the  silting  is  not  in  direct  proportion 
to  the  area.  Part  of  the  sediment  drops  out  of  the  flow 
of  water  enroute  from  the  point  of  erosion  to  the 
reserve.  The  average  annual  rate  of  sediment  produc- 
don  on  the  smallest  watershed  studies  is  in  the  nei^ibor- 
hood  of  three  acre  feet  per  square  mile,  which  checks 
reastmably  well  with  a  mean  figure  of  seven  tons  o{  sedi¬ 
ment  per  acre,  estimated  by  studies  on  the  land. 

Certain  facts  in  connecdon  mth  the  soil  do  need  to  be 
measured  fairly  frequendy.  Land  use  changes  r^wUy 
at  times  and  frequently  brings  about  changes  in  erosion 
rates.  The  Agricultural  Experiment  Stadon,  in  coopera- 
don  with  the  Soil  Ccmservadcxi  Service,  has  collected 
infmmadon  mi  the  land  use  history  of  each  basin.  The 
latter  has  undergone  marked  changes  with  resulting 
changes  in  erosimi  rates. 

At  Lake  Decatur,  the  intensive  war-dme  culdvadon 
of  com  and  soybeans  apparently  increased  erosion  rates. 
A  survey  of  this  lake  showed  that  during  1922-1936  the 
lake  had  lost  capacity  to  sediment  deposits  at  a  rate  of 


14 


Journal  of  Soil  and  Water  Conservation 


1.0  per  cent  per  year.  A  later  survey  showed  that  during 
193^1946  diis  rate  had  increased  20  per  cent  to  a  loss 
of  1.2  per  cent  per  year.  Analysis  of  stream  flow  data 
indicated  that  the  difference  was  not  due  to  climatic  or 
hydrologic  factors.  A  study  of  land  use  data  in  the 
watershed  showed  a  29  per  cent  increase  in  the  acerage 
of  clean-tilled  crc^ — corn  and  soybeans.  The  higher 
erosion  rate  on  such  fields  was  concluded  to  be  the  chief 
factor  in  causing  the  increased  lake  sedimentation. 

From  Figure  1  we  have  estimated  the  sediment  load 
reaching  the  Illinois  River.  The  sewage  and  waste 
suspended  solids  discharged  by  the  population  and  in¬ 
dustries  alcmg  the  river  add  up  to  about  mily  (Mie- 
thousandth  of  the  sediment  load  caused  by  erositm. 

Facts  on  Human  Activities 

Collecting  data  on  human  activities  in  the  watershed 
is  much  like  market  research.  It  is  necessary  to  determine 
present  and  future  demands  that  may  be  placed  on  the 
resources  available,  such  as  demands  for  food  and  fiber, 
and  for  industrial  products.  If  for  example  it  were 
anticipated  that  population  would  dwindle,  it  would 
follow  that  less  intensive  cultivation  would  be  required, 
and  less  intensive  development  within  any  particular 
watershed  would  be  expected  except  where  the  local  con¬ 
ditions  were  exceptional. 

Many  ectmomic  and  human  aspects  need  to  be 
evaluated.  Do  the  people  in  the  basin  have  the  capital 
necessary  for  the  completion  of  the  proposed  develop¬ 
ment?  Have  they  learned  to  desire  the  ctmtemplated 
develqsments?  Is  there  desire  or  need  for  immediate 
cash  crops  greater  than  their  desire  for  Icwig  term  im¬ 
provements  of  their  conditions?  What  proportion  of 
the  farms  in  the  basin  are  occupied  by  owners?  What  are 
the  customs  of  the  area  that  may  make  it  difficult  to 
initiate  the  projects  under  consideration? 

The  avowed  purpose  of  the  sml  ctHiservation  move¬ 
ment  is  die  **mo5t  productive  use  of  each  acre  of  land 
in  accordance  with  its  capabilities.”  In  the  arid  regitms 
of  this  country  it  has  become  equally  important  to  "make 
the  most  productive  use  of  each  gallon  of  water.”  Here 
the  presence  of  water  is  the  major  controlling  factor  in 
the  capability  of  the  land. 

In  states  like  Illinois  where  water  is  not  yet  the  con- 
tndling  factor  in  agricultural  productitm,  it  may  never¬ 
theless  become  critically  important.  Furthermore,  a  de¬ 
velopment  plan  for  water  resources  is  necessary  that 
municipalities  and  industries,  supported  by  agriculture, 
may  thrive.  Table  1  gives  the  story  of  demands  that 
are  placed  mi  water  in  Illinms.  This  method  can  be  ap¬ 
plied  in  any  watershed. 

Notice  the  importance  of  industry  as  a  producer  of 
wealth  and  as  a  water  user.  Agriculture  generally  uses 


water  that  does  not  appear  as  stream  flow;  in  Illinois  this 
is  76  billion  gallons  daily,  of  which  agriculture  is  using 
about  33  billion  gallmis  daily.  Industry  and  the  cities 
use  only  the  "available”  water  that  appears  as  stream 
flow,  and  they  are  using  nearly  half  of  that.  These 
latter  uses  can  be  reduced  by  effective  conservation 
measures,  but  Illinois  is  much  closer  to  the  danger  point 
in  municipal  and  industrial  uses  than  in  agricultural 
ones. 

Table  1.  Status  of  water  resources  and  water  use  in 
Illinois — 1948. 

Annual  Value 
Billion  Gallons  Millions  of 


Item 

Per  Day 

E>ollars 

Atmospheric  Moisture  passing 
over  Illinois 

2,000 

Precipitation 

99 

— 

Transpiration  by  Crops 

33 

1,983 

Evaporation  losses,  etc 

43 

0 

Stream  Flow 

23 

Industrial  Use 

8 

6,675 

Municipal  Use 

1 

40 

Erosion  has  a  serious  effect  mi  the  industrial  po¬ 
tentialities  of  any  watershed.  High  concentratimi  of 
turbidity  in  the  river  makes  the  water  undesirable  for 
use  in  industrial  processes  through  increased  fouling  of 
condensers  and  through  making  the  water  less  suitable 
for  other  uses.  In  addition,  the  deposition  of  sediments 
almig  the  valleys  beneath  the  flowing  streams  have 
created  a  situation  where  recharge  of  water  from  the 
river  into  depleted  ground  water  formatimis  adjoining  is 
much  reduced. 

Such  a  situation  has  developed  at  Peoria.  Ground 
water  levels  in  1933  were  generally  higher  than  those 
in  the  river.  The  heavy  industrial  pumpage  from  wells 
which  has  grown  in  the  last  few  decades  at  Pem’ia  has 
resulted  in  a  lowering  of  ground  water  levels  to  the 
point  where,  in  much  of  the  Peoria  regimi,  ground  water 
levels  are  now  far  below  the  level  of  the  water  in  the 
river.  In  most  situations  it  is  expected  diat  the  creatimi 
of  such  a  situation  will  lead  to  discharge  of  water  from 
the  river  into  the  ground,  but  this  happens  to  only  a  very 
small  extent  at  Peoria  so  that  the  ground  water  deposits 
in  this  region  must  depend  primarily  on  the  water  enter¬ 
ing  them  from  other  sources  than  the  Illinois  River. 
Thus  the  sediment  in  the  river  exerts  a  marked  adverse 
effect  on  the  availability  of  ground  water  for  industrial 
use. 

To  overcome  this  situation  the  Water  Survey  (in  co¬ 
operation  with  the  local  Association  of  Commerce)  now 
has  in  operation  at  Peoria  a  pilot  ground  water  recharge 
pit  (Figure  2)  capable  of  recharging  directly  the  ground 
water  formations  with  river  water  at  a  rate  of  about  two 
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Figure  2.  Ground  Water  Infiltration  Pit  near  the  Illinois  River 
at  Peoria. 


millitxi  gallcMis  per  day.  However,  even  the  operation  of 
this  pit  is  subject  to  the  vagaries  of  the  river.  Recharge 
can  only  be  carried  on  when  temperature  and  turbidity 
of  the  river  water  are  low.  Dr.  Max  Suter  supervises 
this  work. 

It  would  seem  that  the  greatest  weakness  in  the  Illinois 
program  has  been  in  the  field  of  collecting  and  using 
information  on  the  attitudes  of  the  people,  their  eco¬ 
nomic  resources,  and  the  other  human  and  economic 
factors  that  may  either  favor  or  handicap  development 
of  water  projects.  Much  basic  information  on  the  eco¬ 
nomic  aspects  has  been  gathered  by  Elmer  Sauer  but  so 
much  difikulty  is  being  met  in  carrying  projects  to  com¬ 
pletion  under  local  sponsorship  that  we  believe  we  know 
too  little  about  human  aspects  to  motivate  people  to  act 
on  their  own  problems. 

Understanding  the  Facts 

We  learn  nature’s  laws  from  analysis  of  the  facts. 
We  cannot  use  the  facts  we  gather  unless  we  understand 
their  significance.  And  frequently  we  cannot  know  what 
facts  we  need  without  attempting  to  interpret  the  data 
available. 

Nearly  20  years  ago,  two  lakes  were  built  in  north¬ 
western  Illinc^.  One  lake,  of  800  million  gallon  capacity, 
was  built  in  1923  by  a  railroad  to  furnish  a  water  supply. 
The  drainage  area  was  nine  square  miles  and  a  1949 
survey  showed  the  lake  had  lost  14.3  per  cent  of  its 
original  capacity  in  25.6  years.  Through  the  years  a 
country  club  has  developed  the  lake  area  under  a  Imig- 
time  agreement  with  the  railroad.  The  clubhouse  enjoys 
an  extremely  delightful  setting  on  the  lake  bank.  Fifty 
or  more  private  cabins,  as  well  as  group  camp  sites,  have 
been  constructed.  The  18-hole  golf  course  is  the  pride 
of  the  club  members.  The  club  anticipates  many  future 
years*  use  of  these  recreation  facilities. 

About  the  same  time,  another  lake  was  constructed. 


located  not  50  miles  away.  Here,  similar  cabins  and  a 
clubhouse  were  developed  over  the  years  since  the  lake 
was  constructed  in  1924.  Here,  a  lake  of  87  millimi 
gallons  capacity  was  cmistructed  on  a  drainage  area  of 
13  square  miles.  CXir  survey  of  the  lake  in  1947  showed 
it  had  lost  73.6  per  cent  of  its  capacity  to  sediment  in 
its  life  of  22.9  years.  Water  near  the  dam  was  formerly 
eight  feet  deep.  This  was  reduced  to  two  feet  by  sedi¬ 
ment.  The  spillway  of  the  lake  failed  in  1950  draining 
the  lake.  The  beautiful  clubhouse  is  now  practically 
useless.  This  watershed  was  much  too  large  to  serve  the 
size  of  the  lake  which  was  built.  In  our  report  mi  diis 
lake  we  seriously  suggest  to  the  lake-owners  that  due  to 
the  exorbitant  rate  at  which  sediment  is  arriving  in  die 
reservMr,  that  the  club  abandon  the  lake  at  this  site.  The 
lake  basin  shown  could  surely  be  worked  into  a  nice  golf 
course  and  further  expenditures  toward  prolonging  the 
lake  would  be  saved. 

The  bright  and  dismal  futures  of  these  two  com¬ 
parable  recreational  developments  certainly  present  a  con¬ 
trast!  The  difference  is  believed  to  be  a  case  of  good 
luck  in  the  first  case  and  poor  luck  in  the  second.  At 
the  time  these  lakes  were  constructed,  there  were  not 
available  the  facts  and  the  understanding  that  we  now 
have  at  our  disposal.  One  turned  out  favorably  and  Mie 
badly.  With  the  understanding  that  existed  at  the  time 
of  designing  the  cases  might  as  easily  have  been  reversed. 

In  reservoir  design,  the  ratio  of  the  lake  capacity  to 
the  watershed  area  is  of  paramount  importance.  Where 
an  exorbitant  rate  of  storage  loss  occurs  die  watershed 
is  probably  too  large  for  the  lake.  Even  in  cases  where 
soil  loss  from  the  cultivated  fields  b  reduced  to  the  mini¬ 
mum,  the  presence  of  a  disproportionately  large  water¬ 
shed  results  in  excessive  sedimentation.  Girl  B.  Brown’s 
work  on  this  subject  is  fundamental.  The  relationship 
of  lake  capacity  and  land  area  brings  out  the  impMtanot 
of  watershed  thinking  in  project  development. 

Conclusion 

To  plan  and  carry  out  smI  and  water  conservadon 
pirograms  we  need  much  factual  informadon  on  hydro¬ 
logic,  land  resource,  and  human  situations.  Some  of  the 
data  must  be  collected  cMidnuously  and  this  work  re¬ 
quires  stable  programs  for  fact  collecting.  The  ccdlabora- 
tion  of  specialists  in  the  fields  of  hydrology,  agronomy 
and  economics,  and  of  local,  state,  and  federal  agencies, 
is  important  to  ensure  well-rounded  programs.  Illint^’ 
experience  demonstrates  that  these  people  can  work  to¬ 
gether  effecdvely.  Getting  the  facts  together  is  only  part 
of  the  job;  we  must  then  correlate  them  and  try  to 
understand  the  natural  laws  that  interrelate  diem.  When 
we  have  done  this,  we  are  ready  to  begin  planning  for 
soil  and  water  conservadon  programs. 
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ALMOST  EVERYONE  AGREES  that  sound  plans 
are  essential  u>  constructive  action  in  most  lines  of  en¬ 
deavor.  Certainly  we  wouldn't  build  a  modem  house 
without  detailed  plans.  But  one  of  the  most  essential 
types  of  planning — community  watershed  planning — is 
a  missing  link  in  our  going  national  land  and  water  re¬ 
source  programs. 

Successive  stages  in  the  unfolding  of  any  public  en¬ 
terprise  ate:  1)  Formulation  of  a  policy;  2)  E>evei(^ 
ment  of  a  program;  3)  Preparation  of  a  plan;  4)  Draft¬ 
ing  of  designs  and  specifications;  5)  Application,  instal¬ 
lation  or  construction;  and  6)  Operation  and  mainte¬ 
nance.  It  is  imfortunate  that  in  this  logical  succession, 
programs  and  plans  are  often  confused.  The  term  "pro¬ 
gram"  comes  from  the  Latin  word  meaning  "a  public 
proclamation  or  manifesto."  "Plan"  comes  from  the 
Latin  word  meaning  "flat  or  level,"  hence  a  representa¬ 
tion  projected  on  a  plane,  or  simply  a  map  or  layout  of  a 
job  to  be  done.  House  plans  and  farm  conservation 
plans  are  both  pure  types  of  plans.  I  would  like  to  dis¬ 
cuss  community  watershed  plans  in  this  context.  They 
are  basically  representations  on  a  map  of  a  job  to  be 
done,  accmnpanied  by  appropriate  descriptions  of  physi¬ 
cal  land  and  water  conditions,  problems,  needs,  improve¬ 
ment  measures,  costs,  benefits,  and  often  recommenda¬ 
tions  for  carrying  out  the  plan. 

Current  National  Program  Planning 

Before  we  consider  the  particular  attributes  of  water¬ 
shed  plans,  however,  let  us  digress  a  moment  to  review 
die  status  of  current  planning  activities  in  our  major 
national  land  and  water  resource  programs.  Land  and 
water  planning  have  fcJlowed  two  basically  diflerent  pat¬ 
terns.  Land,  traditionally,  has  been  considered  static — 
fixed  in  time  and  place,  fully  responsive  to  individual 
initiative,  and  therefore  subject  to  laws  governing  man's 
relations  with  his  fellow  man.  Hence,  land  programs 
have  most  commonly  been  planned  and  administered 
within  the  framework  of  ptditical  or  legal  boundaries — 
states,  counties,  districts  or  ownership  units. 

Water,  on  the  other  hand,  has  been  recognized  as  dy¬ 
namic  and  transitory.  Beyond  certain  narrow  limits  it  is 
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not  subject  to  individual  appropriation  or  oMitroL  It 
omforms  only  with  nature's  boundaries  —  watershed 
lines,  underground  aquifers,  seacoasts.  Hence  water  pro¬ 
grams  have  tended  to  develop  along  river  basin  and 
watershed  lines,  notwithstanding  many  political  efforts 
to  the  contrary. 

In  our  major  national  action  programs  the  most  de¬ 
tailed  and  advanced  planning  at  present  is  represented 

(1)  in  land  programs  by  the  conservation  farm  plan 
based  on  the  concept  of  using  every  acre  wit^  its  capa¬ 
bility  and  treating  every  acre  according  to  its  needs  and 

(2)  in  water  programs  by  multiple  purpose  river  basin 
plans  such  as  those  in  the  Tennessee  Valley,  Missouri 
and  Columbia  basins,  and  Central  Valley  of  California. 

Correlatioti  of  Land  and  Water  Planning 

During  the  past  several  years  public  recognition  of  the 
intimate  relationship  of  land  and  water  has  increased 
rapidly.  Technically  trained  men  have  always  tmder- 
stood,  of  course,  that  use  and  treatment  of  watershed 
lands  could  substantially  modify  runoff  characteristics, 
sediment  loads,  groundwater  supply  and  other  hydro- 
logic  factors.  These  in  turn  could  modify  both  plan¬ 
ning  requirements  and  design  of  major  downstream 
works  for  river  regulation.  Conversely,  downstream 
river  works  for  flood  control,  irrigatimi  and  drainage  can 
materially  increase  the  net  acreage  and  yield  of  agricul¬ 
tural  land. 

Despite  this  general  agreement  in  principle  on  the  re¬ 
lation  of  land  and  water,  there  is,  in  fact,  a  wide  gap  in 
correlating  planning  for  their  development,  use  and  ccHi- 
servation.  For  example,  our  most  detailed  land  plan¬ 
ning,  that  on  individual  farm  and  ranch  ownership  units, 
is  being  done  generally,  and  payments  are  being  made 
for  recommended  practices,  without  regard  to  factors 
outside  the  ownership  boundary — unless  of  course  those 
factors,  mainly  irrigation  water  supply  or  major  drain¬ 
age,  are  so  dominant  that  improvements  cannot  be  made 
on  the  farm  without  taking  them  into  consideration. 

Similarly,  major  river  regulation  works  are  being 
planned  and  built  without  regard  to  incidental  changes 
in  runoff  or  sediment  production  that  are  even  now  tak¬ 
ing  place  as  a  result  of  going  land  programs  being  car¬ 
ried  out  by  reason  of  their  mi-site  benefits.  Even  greater 
beneficial  changes  could,  of  course,  be  expected  from 
accelerated  watershed  programs. 
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Fetfures  of  a  Watenhed  Plan 

The  watenhed  plan,  in  the  opinion  of  those  who  have 
studied  it  most  closely,  is  the  tool  needed  to  close  die 
gap  between  conservation  farm  plans  on  the  one  hand 
and  basin  plans  for  management  of  large  riven  on  the 
other  hand.  The  watershed  plan  is  bancally  a  water 
management  plan.  Although  varying  in  scope,  content 
and  degree  of  detail  to  fit  an  infinite  variety  of  local 
conditions,  it  could  be  described  as  having  the  following 
salient  features: 

1.  A  map  (Figure  1)  showing  the  water  management 
measures  needed  in  the  intermediate  zone  between  those 
required  (1)  primarily  for  on-the-farm  purposes,  which 
can  be  insulled  by  landowners  and  operators  with  some 
technical  assistance  and  financial  aid,  and  (2)  major 
river  regulation  measures  which  require  complex  engi¬ 
neering  planning  and  are  designed  to  produce  far-reach¬ 
ing  benefits  such  as  irrigation  of  desert  lands,  power, 
navigation  and  flood  protection  for  large  urban  areas. 
A  watershed  plan,  thus,  would  not  show  individual  ter¬ 
race  systems,  farm  pond  locadmis,  or  land  treatment 
measures  of  the  type  ordinarily  shown  mi  farm  conserva¬ 
tion  plans.  Nor  would  it  show,  because  it  would  not 
cover  such  areas,  main  stem  channel  improvements  such 
as  impounding  reservoirs,  levees,  river  channel  improve¬ 
ments,  main  irrigation  distribution  canals  or  similar  fea¬ 
tures  shown  on  river  basin  plans.  It  would  show,  how¬ 
ever,  fmr  areas  larger  than  individual  farms,  all  of  die 
water  management  and  sediment  control  measures 
needed  and  economically  justified  between  terrace  out¬ 
lets  ot  farm  boundaries  mi  the  one  hand  and  major  river 
channels  on  the  other  hand.  This  would  include  such 
measures  as  :  (a)  majm  gully  stal^ization  by  structures 
and  vegetative  plantings,  (b)  diversimi  ditches  and  dikes 
to  collect  damaging  runofl  into  controlled  channels,  (c) 
small  floodwater-retarding  structures  where  local  flood 
protection  is  needed,  and  including  storage  within  these 
structures  or  in  separate  structures,  where  justified,  for 
irrigation  of  small  local  areas,  domestic  and  small  com¬ 
munity  water  suplies,  and  recreatkm,  (d)  stream  bank 
and  grade  stabilization  where  needed  on  branches,  creeks 
and  tributaries  of  major  rivers,  (e)  interfarm  drainage 
canab  tributary  to  major  outlets,  (f)  floodways  to  take 
excess  flow  across  wide  flood  plains  to  main  river  chan¬ 
nels,  (g)  erosion  control  and  water  management  meas¬ 
ures  along  highways,  railroads,  pipelines  and  other  non¬ 
farm  developments,  and  (h)  desilting  and  debris  basins 
to  control  sediment  movement  until  erosion  can  be  con¬ 
trolled  eflecdvely  at  its  source. 

2.  The  plan  would  include  a  map  showing  physical 
land  conditions  based  on  the  techniques  of  soil  conserva¬ 
tion  surveys  and  the  land  capabilit)*  classification  to 


Figure  1.  Floodwater-retarding  structures  and  ocher  water- 
management  measures  planned  for  the  Deep  Credc  watershed, 
a  tributary  of  the  Colorado  River  of  Texas. 


serve  as  a  guide  to  the  planning  of  land  use  adjustments 
and  application  of  treatment  measures  on  individual 
farms  and  ranches. 

3.  The  maps  would  be  accompanied  by  a  report 
which  would  describe  the  pertinent  physical  features  of 
the  area,  the  land  and  water  proUems,  die  opportunities 
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for  their  correction,  the  increases  that  could  be  expected 
in  agricultural  production  as  well  as  other  benefits  that 
would  accrue  by  regulation  of  runoff,  better  distribution 
of  available  water  for  beneficial  uses,  disposal  of  excess 
water,  and  control  of  erosion  required  beyond  that  in¬ 
cident  to  application  of  needed  farmland  ccmservaticm 
practices.  It  would  describe  the  principal  physical  char¬ 
acteristics  of  the  various  water  management  and  sedi¬ 
ment  control  measures  such  as  size,  capacity,  and  kinds 
of  materials  to  be  used;  the  costs  of  these  measures  and 
the  relation  of  total  costs  to  total  benefits  of  the  plan. 
The  report  should  also  describe  the  effects  that  such  a 
water  management  plan  together  with  land  conservaticxi 
measures  might  be  expected  to  have  downstream  cm 
major  river  developments.  Moreover,  it  should  set  forth 
criteria  for  planning  the  use  and  treatment  of  land  on 
individual  farms  and  ranches  in  such  a  way  as  to  secure 
the  maximum  off-site  benefits  in  water  management  and 
sediment  control  consistent  with  cm-site  eccmomic  and 
social  considerations.  The  report  might  also  describe 
available  ways  and  means  for  carrying  out  the  plan,  in¬ 
cluding  kinds  of  Federal,  State  and  local  resources  avail¬ 
able  and  any  needed  legislation,  regulations,  appropria- 
ticms,  taxaticm,  and  cooperative  agreements.  It  should 
describe  provisicms  required  for  operaticm  and  mainte¬ 
nance  of  improvements  following  their  installaticm. 

It  is  not  practicable  from  the  standpoint  of  time,  cost, 
or  the  extent  of  local  interest  to  prepare  such  plans  at 
erne  time  for  complete  river  basins  or  large  watershed 
areas.  Watershed  planning  is  rather  a  t(x>l  to  aid  local 
people  in  cemperation  with  agencies  of  government  to 
provide  for  water  management  plus  a  framework  for 
semnd  farm  cemservatiem  planning  cm  areas  in  the  gen¬ 
eral  size  range  from  a  few  square  miles  up  to  several 
hundred  square  miles. 

The  Community  Watershed  Concept 

Another,  and  even  more  vital  consideration  dictates 
the  selection  of  small  watersheds  as  planning  units.  Ma¬ 
jor  river  basin  improvements  touch  directly  on  the  lives 
and  interests  of  only  a  small  proporti(Mi  of  the  basin 
residents.  Although  most  people  living  in  a  river  basin 
may  indirectly  receive  some  resulting  service  such  as 
power,  the  average  individual  probably  does  not  feel  an 
intimate  relatitmship  to  the  works  of  improvement,  be¬ 
cause  he  had  no  direct  part  in  their  acomplishment,  nor 
did  their  installatioti  touch  his  personal  life  and  private 
affairs.  On  the  contrary,  small  watershed  plans  invcJve 
cooperation  and  major  respcmsibility  on  the  part  of  al¬ 
most  every  landowner  and  operator  within  the  area.  This 
distinction  was  recognized  by  the  President’s  Water  Re¬ 
sources  Policy  Commission  which  introduced  the  useful 
concept  of  the  "community  watershed.”  (1)  They  point¬ 


ed  out  that  "one  of  the  most  decisive  factors  in  the  sue- 
cess  or  failure  of  watershed  development  work  . . .  is  the 
cooperation  of  the  people  living  in  a  watershed. ...  Un¬ 
less  they  understand  the  need  for  watershed  develop¬ 
ment,  and  regard  themselves  as  a  functioning  part  of  the 
watershed,  little  of  lasting  value  is  likely  to  be  accom¬ 
plished.” 

watershed  so  large  that  its  inhabitants  cannot  see 
their  relation  to  it,  or  feel  respcmsibte  for  it,  is  too  large 
to  serve  as  a  conservation  unit.  On  the  other  hand,  one 
so  small  that  even  major  improvements  would  benefit 
only  a  small  group  could  not  command  the  active  sup¬ 
port  and  participation  of  the  surrounding  community.” 

^The  practical-sized  watershed  is  one  on  which  the 
residents  are  willing  to  spend  time,  money,  and  energy 
because  they  regard  it  as  their  own.  It  is  an  area  with 
which  they  associate  their  pasts,  and  particularly  their 
personal  futures.  It  provides  a  wide  range  of  improve¬ 
ment  opportunities,  with  a  correspondingly  wide  range 
of  potential  benefits,  both  public  and  private.  It  has 
sufficient  population,  with  a  diversity  of  interests,  to 
assure  effective  support  for  the  full  range  of  improve¬ 
ment  work.” 

Major  responsibility  not  Mily  for  carrying  out  a 
watershed  plan,  but  for  aiding  in  its  develt^ment  rests 
with  farm  group  and  urban  community  leaders,  soil 
conservati(Mi  districts,  and  other  agencies  and  instrumen¬ 
talities  of  the  states. 

River  Basin  Program  Development 

Community  watershed  planning,  and  acticHi  based  on 
such  planning,  does  not,  however,  preclude  the  formula- 
tiem  of  comprehensive  programs  along  river  basin  lines 
for  conservation  and  management  of  land,  forests,  grass, 
wildlife,  and  what  has  been  called  "little  waters.”  On 
the  contrary,  certain  kinds  of  determinations  need  to  be 
made  in  river  basin  areas  to  provide  a  sound  basis  for 
community  watershed  planning.  For  example,  reastMiable 
determinations  should  be  made  of  the  aggregate  effect  on 
main  stream  flow  and  the  need  for  its  regulation  as  a 
result  of  water  management  in  all  community  water¬ 
sheds  tributary  thereto.  The  potential  effects  of  water¬ 
shed  treatment  on  silting  of  main  stem  reservoirs  should 
be  determined.  Reasonable  answers  to  these  and  similar 
questions  can  be  obtained  through  well  known  sampling 
procedures  involving  watershed  planning  on  only  a 
small  proportion  of  the  total  river  basin  area. 

Moreover,  the  general  nature  and  scope,  as  well  as 
the  potential  cost  of  water  management  up  to  the  farm 
boundary,  should  be  determined  by  river  basins.  Ulti¬ 
mately,  public  investment  in  this  aspect  of  water  man¬ 
agement  may  equal  or  exceed  public  investment  in  water 
management  on  main  stem  rivers.  Even  though  man- 
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Figure  2.  Stabilized  waterway  protected  by  pipe  and  wire  revetment,  San  Fernando  Valley,  Los  Angeles  watershed,  California, 


agemetit  of  little  waters  is  at  least  twenty  years  behind 
the  regulation  of  major  streams,  the  aggregate  values 
affected  by  or  inherent  in  little  waters  may  equal  or  ex¬ 
ceed  that  of  major  rivers.  For  example,  river  basin  and 
watershed  surveys  have  indicated  that  as  much  as  75 
per  cent  of  all  flood  damages  may  occur  upstream  from 
main  stem  flood  plains.  Remaining  potentialities  for  en¬ 
hancement  of  agricultural  productitm  by  flood  control, 
irrigation  and  drainage  may  be  greater  on  the  large  ag¬ 
gregate  acreage  alcmg  small  streams  than  on  large 
streams.  It  is  therefore  proper  and  necessary  that  water 
management  program  formulation  should  be  carried  out 
along  river  basin  lines.  But  community  watershed  plan¬ 
ning  and  small  watershed  management  in  more  critical 
areas  cannot  wait  until  river  basin  program  development 
is  completed. 

Land  Programs  on  a  Natumal  and  State  Basis 

On  the  other  hand,  even  though  the  solution  of  land 
and  water  problems  is  conceded  to  be  intimately  related, 
many  c<Miservationists  doubt  the  wisdom  of  associating 
land  use  and  treatment  programs  primarily  with  river 
basins.  The  arguments  in  favor  of  this  view  include  (1) 
the  fact  that  the  on-site  benefits  of  land  use  and  man¬ 


agement  practices  far  exceed  the  off-site  benefits  in 
nearly  all  agricultural  areas.  Food  and  fibre  productimi 
requirements  limit  the  types  and  intensity  of  application  | 

of  land  management  practices  that  might  be  desirable  | 

primarily  for  their  off-site  benefits,  (2)  the  rate  of  in-  | 

stalladiMi  and  the  assurance  of  maintenance  of  land 
management  measures  are  subject  to  changing  social  and 
economic  factors  and  changing  land  ownership.  These 
constantly  changing  factors  require  continuing  reviskms 
in  national  programs  of  education,  technical  assistance, 
financial  aids,  credit,  price  suf^rt,  marketing  agree¬ 
ments,  grazing  regulatims  and  forest  management. 

These  g(^g  national  agricultural  programs  are  admin¬ 
istered  along  state  and  other  ptflitical  lines  through  long 
established  channels  of  cooperadob  with  state  and  local 
agencies,  (3)  ample  authority  already  exists  in  federal 
and  state  law  for  carrying  out  all  aspects  of  land  use  and 
treatment  measures  needed  for  either  on-site  or  off-site 
purposes;  but  appropriations  are  inadeqiute  for  desirable 
acceleration,  intensificaticxi  and  adaptation  of  land  con¬ 
servation  programs  needed  to  keep  pace  with  water 
management  programs  if  the  latter  are  ever  carried  out 
(Ml  a  scale  commensurate  with  major  river  basin  develop¬ 
ments. 
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Rapid  Organizatioii  of  Watershed  Assodatiotis 

Evidence  is  rapidly  accumulating  that  local  people  in 
many  sections  of  the  country  have  become  acutely  aware 
of  the  missing  link  in  our  land  and  water  resource  pro¬ 
grams.  In  less  than  five  years  several  scores  of  watershed 
associations  and  other  organized  local  groups  have  come 
into  being  for  the  avowed  purpose  of  achieving  objec¬ 
tives  which  they  feel  are  not  being  met  through  g<^g 
national  programs.  Such  associaticms  have  heen  widely 
organized  in  the  states  of  Arkansas,  Illint^  Iowa, 
Kansas,  Louisiana,  Michigan,  Nebraska,  Oklahoma, 
Pennsylvania,  Texas,  and  Wisconsin.  The  American 
Watershed  Council  has  been  founded  to  further  their 
objectives.  The  motivating  force  in  these  associaticxis 
has  been  flood  control  here,  water  supply  there,  drainage 
in  another  place,  pollution  abatement  on  some  streams. 
In  all  cases  these  associations  are  supporting  general 
land  management  and  conservation  objectives,  but  their 
very  existence  and  rapid  multiplication  show  that  there 

is  a  nussing  link  in  going  national  programs.  Although 
the  Federal  Government  even  in  this  year  of  interna¬ 
tional  crisis  is  pouring  more  than  a  third  of  a  billion 
dollars  into  land  conservation  and  forestry  programs  and 
more  than  two-thirds  of  a  billion  dollars  into  reclama¬ 
tion,  rivers  and  harbors,  and  major  flood  control  works, 
needs  recognized  by  local  people  are  not  being  met. 

Operations  Under  the  Flood  Control  Authority 

The  (Mily  Federal  program  aimed  in  the  general  direc¬ 


tion  of  community  watershed  planning  and  improvement 
is  that  carried  out  by  the  Department  of  Agriculture 
under  authority  of  the  Flood  Control  Act  of  1936.  Total 
funds  available  for  this  program  in  the  fiscal  year  1952 
are  approximately  ^7,000,000.  Nevertheless,  operations 
being  carried  out  under  this  authority  in  only  1 1  water¬ 
sheds,  based  on  subwatershed  planning,  have  already 
demcHistrated  that  the  community  watershed  approach  b 
sound.  The  accomplishments  to  date  in  these  areas  have 
in  no  small  measure  influenced  the  rapid  growth  of  wa¬ 
tershed  associations. 

The  Flood  Control  authority,  on  the  other  hand,  is 
obviously  inadequate  to  accomplish  the  stated  objectives 
of  many  watershed  associations.  For  one  thing,  it  limits 
consideratiiMi  of  watershed  objectives  to  flood  control. 

Other  equally  important  objectives  such  as  drainage  of 

wet  lands,  provision  for  supplemental  water  supply  for 
irrigation  or  domestic  and  municipal  uses,  protection  of 
fish  and  wildlife  and  pollution  abatement  are  not  cov¬ 
eted  by  this  act  and  must  be  considered,  if  at  all,  under 
authority  of  other  diverse  and  often  conflicting  legisla¬ 
tion.  The  wording  of  the  Flood  Control  Act,  namely, 
"runofl  and  waterflow  retardation  and  soil  erosion  pre¬ 
vention  on  watersheds,”  overlaps  authorizatimi  in  the 

S(^  Conservation  acts  cm  the  one  hand  and  leaves  an 
undefined  boundary  on  the  other  hand  with  authoriza¬ 
tion  of  "investigaticm  and  improvements  of  rivers  and 
other  waterways  for  flood  control  and  allied  purposes.” 
This  has  led  to  delaying  and  frustrating  administrative 


Figure  3.  Floodwater  retarding  structure  and  gully  stabilizing  structures.  Sandstone  Creek,  Washita  River  watershed. 
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and  jurisdicti(»ial  di£Ferences  of  (pinion  between  Federal 
agencies,  between  the  executive  and  legislative  branches 
and  between  legislative  and  appropriation  committees  in 
the  Omgress.  As  a  result  of  the  imperfecticms  in  this 
Act,  the  Department  of  Agriculture  over  a  period  of  D 
years  has  succeeded  in  obtaining  authorizatims  £<» 
works  of  improvement  in  only  11  watersheds  constitut¬ 
ing  114  cent  of  the  total  land  area  of  the  United 
States. 

The  Soil  ConservaticMi  Service,  in  additicm  to  its  work 
under  the  Flood  Centred  Authority,  has  been  aiding  a 
number  of  these  (Organized  local  groups  by  providing 
watershed  planning  assistance  through  s<^  ccmservaticMi 
districts.  But  available  resources,  even  for  planning,  are 
extremely  limited  and  no  source  of  Federal  or  state  aid 
is  generally  available  to  help  local  people  install  water 
management  measures  on  their  community  watersheds. 

Gukleposts  for  Future  Actions 
Although  it  is  impracticable  to  detail  here  a  more 
adequate  alternative  method  for  supplying  the  missing 

link  in  river  basin  development,  use  and  conservation,  it 
does  seem  appropriate  to  list  a  few  guideposts  f<Mr  c<mi- 
sideration  of  those  groups  which  are  already  seeking  a 

simple  and  adequate  way  to  close  the  gap  between  ctm- 

servation  on  the  land  and  improvements  on  the  major 

rivers: 

1.  Community  watershed  improvement,  like  conserva¬ 
tion  on  individual  farms,  should  be  primarily  a  local 
responsibility. 

2.  Technical  assistance  in  conununity  watershed  plan¬ 
ning  should  be  available  from  a  properly  staffed  Fed¬ 
eral  agency  up<m  specific  request  by  re^x>nsible 
organized  local  groups  or  state  agencies,  which  can 

give  evidence  of  intent  and  ability  to  assume  primary 

resptmsibility  for  carrying  out  and  maintaining  the 

plan. 

3.  River  basin  program  development  should  be  a  j(^t 
undertaking  of  the  Federal  government  and  the 

sutes.  It  should  consist  primarily  of  water  manage¬ 
ment  programming,  leaving  agricultural  land  man¬ 
agement  within  the  framework  of  existing  national 
and  state  programs  except  for  developing  informa¬ 
tion  on  modifications  that  are  desirable  to  achieve 

maximum  off-site  benefits  without  diminishing  on-site 

values. 

4.  The  Federal  and  state  governments  should  carry  out 
an  aggressive  campaign  of  informing  local  people 
about  land  and  water  management  needs,  benefits 

and  methods  for  achieving  adequate  watershed  pro¬ 

tection. 

9.  New  Federal  legislatitm  should  be  enacted  to  provide 
(a)  a  channel  through  which  organized  local  groups 


and  sute  and  local  agencies  can  petition  for 
Federal  assistance  in  community  watershed  plan¬ 
ning  to  eml»ace  all  legitimate  land  and  water 
objectives  in  the  zone  between  individual  farms 

and  major  river  basin  improvements. 

(b)  designatitm  of  agency  re^x)nsilxlity  for  such 
planning  and  f(^  providing  engineering  service 
and  technical  assistance  to  local  groups  in  car¬ 
rying  out  such  plans. 

(c)  designarimi  of  agency  re^nsibility  for  assisting 
local  people  through  direct  contracting,  grants, 
and/or  loans  in  installation  of  water  manage¬ 
ment  measures  in  community  watersheds. 

(d)  provision  of  Federal  aid  bey<Mid  the  planning 
stage  only  upon  determination  that  die  total 
benefits  to  whomsover  they  may  accrue  exceed 
the  total  costs. 

(e)  adequate  pro%dsion  and  safeguards  for  mainte¬ 
nance  and  protection  of  the  Government  against 

future  liability. 

(f)  authorization  of  appropriations  necessary  to  pro¬ 
vide  effective  help  to  local  groups,  based  on  the 
principle  of  equitable  propordons  of  Federal  as- 

sbtance  being  made  available  for  (1)  cmiser- 
vati(m  on  individual  farms  and  ranches,  (2) 

community  watershed  water  management  pro¬ 
grams,  and  (3)  major  river  basin  works  of  im¬ 
provement. 

6.  Laws  and  regulations  governing  the  administration 
of  national  land  programs  should  be  amended,  as 

necessary,  to  require  that  in  community  watersheds 
where  organized  local  groups,  or  sute  and  local  agen¬ 
cies  are  carrying  out  approved  watershed  plans,  all 

services  and  aids  will  be  directed  toward  accomplish¬ 
ment  of  the  plan  insofar  as  it  is  not  inconsistent  with 
national  program  objectives. 

7.  Community  watershed  plans,  involving  a  large  num¬ 
ber  of  individually  small  improvements,  should  not 

be  placed  in  the  same  category  as  public  works  re¬ 
quiring  individual  Federal  authorization.  As  com¬ 
munity  watershed  improvements  should  be  primarily 
a  local  respmisibility,  Fedenl  aid  could  perhaps  best 
be  extended  imder  a  nation-wide  authorization,  sub¬ 
ject  to  adequate  safeguards,  as  assistance  in  conserva¬ 
tion  work  is  now  extended  to  individual  landowners. 
These  safeguards  should  provide  for  review  of  plans 
by  local  interests  and  Federal  agencies  concerned 
with  major  river  works  of  improvement  below  the 

community  watersheds. 
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Putting  the  Watershed  Plan  to  Work 

_ W.  L.  HEARD 


IN  THE  LITTLE  TALLAHATCHIE  and  Yazoo 
River  a  program  of  runofF  and  waterflow  retardaticm 
and  soil  erosion  prevention  authorized  for  prosecutimi 
by  the  Department  of  Agriculture  in  the  interest  of 
flood  control  has  been  under  way  for  about  five  years. 
In  the  same  area  a  flood  control  project  of  the  Corps  of 
Engineers  has  been  under  way  for  over  15  years.  Dur¬ 
ing  the  period  in  which  the  Department  of  Agriculture 
has  been  engaged  in  putting  its  part  of  the  authorized 
Flood  Control  Plan  to  w<wk,  sound  principles  of  water¬ 
shed  operations  have  been  demcmstrated  over  and  over. 

These  two  watersheds,  which  are  geographically  one, 
lie  in  the  northwestern  part  of  Mississippi.  They  take 
the  shape  of  a  large  pear,  with  the  large  part  near  the 
Tennessee-Mississippi  line,  and  the  stem  end  pointing 
southwest,  emptying  into  the  Tallahatchie — Yazoo  River 
which  passes  almig  the  foot  of  the  blufls  in  the  Delta 
section  of  the  state.  There  is  an  unusual  amount  of 
good  valley  land  in  these  watersheds,  and  there  are  nu¬ 
merous  watershed  problems  affecting  these  valley  lands. 

Putting  the  Plan  to  Work 

Other  papers  in  this  panel  have  covered  the  technical 
requirements  of  a  watershed  plan  for  a  s(h1  and  water 
conservation  program.  My  paper  covers  the  final  phase 
— that  of  putting  the  plan  to  wodt.  This  in  itself  as¬ 
sumes  the  existence  of  a  coordinated  operations  plan 
before  the  work  b  undertaken.  I  should  like  to  empha¬ 
size  a  few  points  in  this  regard: 

1.  The  full  coopera timi  of  all  Federal,  State  and 
local  agencies  in  carrying  out  their  accepted  responsi¬ 
bilities  in  a  watershed  program  is  most  important.  Fre¬ 
quent  consultatitm  is  imperative  in  regard  to  revision  of 
plans,  priority  of  work,  the  financing  of  activities  and 
carrying  out  of  cooperative  endeavor  if  a  successful 
watershed  program  is  to  be  carried  out. 

2.  The  coordination  of  operaticms  may  be  as  impM*- 
tant  as  the  technical  plan.  In  such  coordinaticm,  the 
various  works  of  improvement  must  be  planned,  timed 
and  applied  in  their  proper  sequence. 

3.  The  watershed  operation  will  vary  to  fit  the  ob¬ 
jectives  of  the  watershed  plan. 

4.  The  operations  program  is  dependent  on  the 
framework  of  laws  —  local.  State  or  Federal  —  under 
which  the  operati(Mis  must  be  carried  out,  or  on  the  like¬ 
lihood  of  changes  which  will  permit  the  necessary  actimi. 

IV.  L.  Heard  is  Assistant  State  Conservationist  for  the  Soil 
Conservation  Service,  with  headquarters  in  New  Albany,  Mis¬ 
sissippi.  Mr.  Heard  presented  this  paper  at  the  Sixth  Annual 
Meeting  of  the  SCSA  held  in  Memphis,  November  12-14, 
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5.  Efficient  operatitms  require  thorough  understand¬ 
ing  and  acceptance  by  local  groups  or  individuals  who 
are  to  assume  the  leadership  in  carrying  out  the  pro¬ 
gram,  as  to  the  watershed  objectives  and  how  the  ac¬ 
tions  of  each  group  or  individual  will  contribute  to 
attaining  these  objectives. 

6.  Local  leadership  must  be  put  to  work  if  the  water¬ 
shed  program  is  to  move  al(xig  in  its  proper  sequence 
and  volume. 

7.  C(»icerted  action  by  many  is  the  essence  of  most 
watershed  activities  for  soil  and  water  conservation, 
whether  the  watershed  be  a  small  individual  watershed 
of  a  half  dozen  farms,  or  a  major  watershed  composed 
of  thousands  of  farms. 

8.  Organizational  procedures  of  agencies  or  groups 
must  be  revised  to  permit  effective  participation  in  wa¬ 
tershed  activities. 

The  first  step  in  our  (^rations  program  in  the  Talla- 
hatchie-Yazoo  watersheds  was  a  restatement  of  the  ob- 

Figure  1.  Kudzu  planted  on  eroded  20-acre  idle  land  area  in 
spring  of  1949.  The  sand  and  silt  from  this  area  empties 
directly  into  the  Tallahatchie  River  Valley.  Part  of  the  sand 
was  deposited  on  a  5-acre  valley  held  of  Class  IIA  immediately 
below  this  area  resulting  in  its  retirement  from  cultivation  to 
permanent  hay.  Cost  of  establishment  to  kudzu  was  about 
^20  per  acre.  Near  New  Albany,  Mississippi. 
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jectives,  based  on  an  analysis  of  facts  and  conditiims  posed  water-use  plan,  and  a' statement  of 
known  to  the  technical  staff  assigned  to  flood  control  cedure  for  getting  the  job  done.  The 
opctations.  It  was  determined  that  the  broad  objectives  was  made  by  the  technu^an  cm  the  groui 
of  the  watershed  program  should  be:  capaUlity  maps  as  a  basis  for  needed  la 

1.  Sedimentati(»i  control  by  reducdmi  of  erosion.  mendatiMu.  The  water  use  plan  was  pre] 

2.  Improvement  of  s(^  crnidititMis  to  increase  infiltra-  tially  the  same  way,  using  reconnaissano 
tiwi  by  vegetative  and  other  means,  to  reduce  run-  basis  for  determining  ne^.  The  operai 

determined  by  the  technician  in  cimsulta 

3.  Reduction  of  peak  flows  and  duradm  of  over-  Ccmservation  IDistrict  Commissiimers,  Coi 

flows  in  the  valley  lands,  by  improvement  of  chan-  Supervisors,  representatives  of  U.  S.  I 
nels  or  by  water-detention  structures.  PMA,  Extension  Service  and  farmers.  1 

With  these  objectives  in  mind  an  outline  (^radmis  readily  seen  that  operations  planning  a 
plan  was  prepared  which  stated  in  broad  temM  the  pri-  jobs  to  be  d<Mie  mil  vary  considerably, 
ority  areas  in  which  work  should  be  undertaken,  and  nnall  watersheds, 
set  up  a  time  schedule  for  accomplishment  of  various  The  SoU  Conservation  Service  and  tl 
phasw  of  the  work.  In  determining  these  priorities  it  vice  found  early  in  the  projzram  that  thei 
was  found  that  cmiditions  varied  tremendously  through¬ 
out  the  watershed,  to  the  extent  that  subwatersheds,  or 
even  minor  watersheds  constituted  areas  with  different 
priority  of  objectives,  and  therefore,  presented  cwn- 
pletely  different  operatiMis  problems. 

Subwatersheds  are  Divided  into  Minor  Watersheds 

This  brings  us  to  the  third  p(wt  oudined  above,  that 
of  varying  the  (^rati<Mis  plan 
determined  by  an  inventory  of  the  conditions  in 
watershed.  The  subwatersheds  were  subdivided 
minor  watersheds  which  are  c<  * 
or  problems.  For  each  of  these  an  <  ^ 
prepared  consbting  of  a  proposed  land  use 


tne  joD  Gone  was  denmtely  tied  m  mth  the  *»Mnng 
framework  of  laws.  This  applied  first  of  all  to  inter- 
pretatimi  of  Federal  laws  under  which  we  were  (gra¬ 
ting,  particularly  with  regard  to  the  restrictimis  which 
they  placed  around  our  operations.  We  found  that 
addidmal  Federal  legislation  was  necessary  to  clear  up 
some  points.  Many  matters  regarding  cooperatimi  be¬ 
tween  Federal  and  State  agencies  have  had  to  be  cleared 
to  fit  the  objectives  as  up,  frequendy  by  reference  of  matters  to  the  Solicitor 
each  for  the  Department  to  the  Attorney  General  of  the 
into  state.  All  of  these  matters  require  careful  determina- 
romplete  hydrologic  units  tiwi  and  very  definitely  limit  the  course  of  action  which 
(^raticms  plan  was  can  be  taken. 

plan,  a  pro-  The  matter  of  local  financing  is  most  important. 


sanded  on  West  Goose  Creek,  near  Oxford,  Mississippi. 


* 
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Aa  xml  .ie«  of  .  I»dly  guUW  xe.  pUaxd  to  ttx.  in  1949.1950  nxr  Now  Albxty,  Mi-ixippi,  to  conttol 
the  excessive  runoff  of  silt  and  sand. 


24 


This  view  of  an  irrigated  mounuin  meadow  on  the  Upper  Gunnison  River  in  Colorado.  Some  of  these  areas 
are  estimated  to  occupy  from  300,000  to  730,000  acres. 
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Figure  3.  Former  Crop  Land,  Class  III  E  and  IV  E,  seeded  to  sericea  and  crimson  clover  in  1930.  lliis  13-acre  field  in  the 
Tallahatchie  River  watershed  now  gives  almost  complete  protection  against  erosion  and  clearly  reduces  the  rate  of  run  off. 
New  Albany,  Mississippi. 


whether  it  be  the  financing  of  a  Ixmd  issue  for  coopera¬ 
tive  clean-out  or  excavation  of  a  channel,  the  coopera¬ 
tive  financing  of  fire  detectitm  and  suppressimi  by  Fed¬ 
eral  agency,  Sute  or  county,  or  the  financing  of  the 
planting  of  a  20-acre  field  of  kudzu  or  pine  tree  seed¬ 
lings  by  an  individual  farmer.  Each  problem  has  its 
bearing  on  the  progress  in  carrying  out  a  watershed 
program.  The  failure  to  recognize,  evaluate,  and  lay 
out  a  definite  course  of  actimi  may  result  in  an  unhappy 
ending  insofar  as  soluticm  of  a  particular  objective  is 
concerned.  An  untreated  group  of  critical  gullies  or 
roadside  ditches  may  be  just  the  source  of  the  sedimen- 
tadiMi  problem  on  Farmer  Jones*  place  two  miles  down¬ 
stream. 

In  the  watershed  programs  now  being  formulated 
in  the  survey  or  pre-authorizati(Mi  stage  by  the  Depart¬ 
ment  of  Agriculture,  agreement  is  being  reached  be¬ 
tween  the  various  Federal  agencies  and  State  agencies 
with  regard  to  what  the  program  shall  cmisist  of,  and 
generally,  how  it  shall  be  carried  out.  This  was  un¬ 
doubtedly  done  also  in  the  case  of  the  authorized  water¬ 
sheds,  but  it  certainly  has  not  eliminated  the  necessity  of 
the  full  cooperatitm  of  all  agencies  at  subsequent  stages 
in  carrying  out  of  the  accepted  responsilnlities  of  each 
agency.  In  many  cases  we  have  found  it  necessary  to 
obtain  new  agreements  as  to  responsibilities  among  the 
Corps  of  Engineers,  the  Soil  Conservatimi  Service,  the 
U.  S.  Forest  Service,  and  in  most  counties,  the  Produc¬ 
tion  and  Marketing  Administration,  Extension  Service, 
Vocational  teachers.  Highway  Department,  County 
Boards  of  Supervisors  and  others. 

Particularly  notable  is  the  working  arrangement  of 
the  Soil  Conservation  Service  with  the  Corps  of  Engi¬ 


neers  and  U.  S.  Forest  Service,  these  being  amcxig  the 
principal  contributors  to  the  activities  in  the  Little  Talla¬ 
hatchie- Yazoo  River  Watershed.  Representatives  of 
these  groups  meet  frequently  and  work  out  their  j(^t 
operations  problems  most  effectively. 

After  we  developed  the  skeletal  work  plan,  we  set 
about  to  acquaint  the  leadership  within  the  watershed 
concerning  the  proposed  activities.  This  leadership  in¬ 
cluded  Boards  of  Commissimers  of  Soil  Conservation 
Districts,  County  Boards  of  Supervisors,  all  civic  clubs. 
Farm  Bureau  groups.  County  and  State  Agricultural 
Coordinating  Councils,  Boards  of  Commissioiers  of 
Drainage  Districts,  bankers,  professioial  men,  and 
others.  The  objectives  of  the  work  were  clearly  pre¬ 
sented,  the  local  problems  ponted  out  and  need  for  local 
or  other  action  stressed. 

Working  through  the  State  Agricultural  Coo-dina- 
ting  Council,  a  coordinated  informatioial  and  educa¬ 
tional  program  was  developed  and  put  into  effect  in 
order  to  obtain  general  understanding  by  all  agricultural 
workers  involved,  and  to  get  all  interested  agencies  to 
carry  to  the  farmers  of  their  wmrk  area  in  priority  minor 
watersheds  a  coordinated  effwt  in  infimnational  and 
educatimial  work  pertaining  to  watershed  activities.  In 
short,  we  are  taking  advantage  of  every  opportunity 
offered  to  improve  the  general  understanding  of  the 
problems  involved  and  appreciation  for  the  work  being 
performed.  Moreover,  we  have  placed  in  local  hands 
wherever  possible  the  leadership  resptmsibility  for  carry¬ 
ing  out  various  phases  of  the  work.  All  work  (mi  private 
lands  is  carried  on  through  the  S<m1  Conservatimi  Dis¬ 
tricts  in  the  watershed.  District  Commissioners  are 
encouraged  to  fully  accept  their  respcmsibility  in  this 
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work  as  a  part  of  the  program  of  wotk  for  their  re¬ 
spective  districts.  The  State  Association  of  S<m1  Con¬ 
servation  Districts  has  recognized  its  resp<msibility,  and 
has  established  a  standing  Flood  Contrc^  Committee  to 
represent  the  State  Association  in  watershed  activities 
throughout  the  state. 

Many  examples  of  the  effectiveness  of  local  leadership 
in  watershed  (^radons  could  be  cited,  but  it  is  suffi¬ 
cient  to  say  that  without  such  leadership,  even  in  small 
groups,  the  job  would  be  infinitely  more  difficult  if  not 
impossible  to  perform.  It  has  been  our  aim  to  get 
as  many  pec^le  working  on  the  problem  as  possible. 
There  are  over  30,000  farms  in  the  watersheds.  Our 
present  objective  is  to  obtain  about  DOO  new  district 
cooperators  each  year  in  order  to  complete  the  prc^ram 
on  schedule.  Careful  cmitrol  is  maintained  to  see  that 
these  DOO  new  cooperators  are  developed  in  the  area 
where  the  emphasis  is  to  be  placed,  whether  it  be  a  small 
watershed  affecting  a  few  farms,  or  whether  it  be  an 
area  affecting  100  farms.  The  educational  work  is 
stressed  with  small  neighbor  or  watershed  groups  in 
accordance  with  the  predetermined  priority.  In  order 
for  the  work  to  become  effective  in  a  relatively  short 
time,  it  is  important  then  that  cMicerted  action  of 
individuals,  groups,  or  enterprises  be  accomplished  with¬ 
in  the  period  planned. 

Many  local  organizati(mal  changes  have  been  neces¬ 


sary  in  both  the  S<^  Conservation  Service  and  Forest 
in  order  to  handle  the  increased  work  load.  Careful 
and  continuing  analysis  of  the  technical  and  other  per¬ 
sonnel  requirements  is  essential  to  effectively  plan,  lay 
out  and  supervise  a  watershed  program.  The  need  for 
engineering,  forestry  or  other  specialists  is  accentuated, 
since  the  objectives  and  treatment  are  more  ^cific  and 
more  complex  than  for  scattered  random  farms. 

Many  new  (^rati(Hial  procedures  have  had  to  be 
worked  out  to  fit  new  practices  or  requirements.  For 
instance,  the  planting  of  several  million  kudzu  or  pine 
seedlings  each  year  on  critically  eroding  land  is  being 
d(Mie  by  cMitract.  Local  farmers  who  have  a  seasmal 
'surplus  of  labor  or  equipment  are  cmtracting  to  per¬ 
form  the  work  at  a  unit  price  per  thousand  plants. 
Another  example  is  the  productkm  by  local  farmers  of 
kudzu  seedlings  for  use  in  watershed  plantings. 

The  problems  which  arise  are  without  end,  never  lack¬ 
ing  in  novelty  or  interest,  and  presenting  a  continuing 
challenge  to  technicians  and  administrators.  It  is  my  be¬ 
lief  that  the  watershed  approach  to  operaticms  in  (urder 
to  solve  many  of  our  larger  s(^  and  water  cmiservadon 
problems  is  fundamental.  It  enaUes  us  to  relate  cause 
and  effect,  and  to  solve  our  pressing  problems  mi  the 
basis  of  sound  principles.  It  is  my  h(^  that  it  will  be 
utilized  to  a  much  greater  extent  in  the  years  ahead. 


The  Economics  of  Idle 


Resources 
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National  policy  goals  emphasizing  fuU  utUization  of  resources  to  achieve  full  employ¬ 
ment  and  maximum  output  have  overlooked  the  critical  difference  between  human  and  nat¬ 
ural  resources.  In  the  case  of  human  resourcs,  continuous  employment  is  essential  to  achieve 
maximum  output;  in  the  case  of  renewable  natural  resources,  periods  of  enforced  idleness 
may  be  required  to  maintain  long-run  maximum  output  by  the  American  economy.  In  addi¬ 
tion,  by  accepting  commercial  profitability  as  the  sole  criterion  of  the  economic  worth  of  re¬ 
sources,  sodaUy  desirable  uses  of  idle  resources  are  frequently  overlooked.  Some  resources 
attain  their  greatest  economic  and  social  worth  when  commercial  exphntation  is  prohibited. 


"PROGRESS  SEEMS  TO  MEAN,  all  too  often,  the 
projection  of  slums  into  the  wilderness.”^  This  ob- 
servatimi  of  Roderick  Haig-Brown  highlights  one  of  the 
intellectual  blind  spots  of  the  post-depression  era. 
America’s  experience  during  the  1930’s  brought  more 
than  breadlines  and  public  works  projects;  it  stimulated 
a  prcJonged  re-examinatimi  of  many  of  our  social  values 
and  institutions.  The  conditimi  of  our  natural  resources 
and  the  methods  used  in  their  exploitation  received  be- 
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lated  attendmi  during  this  period.  Because  of  the  ob¬ 
vious  physical  deterioradon  of  our  soil  resources  during 
the  depressimi — dramatized  by  the  coincidence  of  low 
prices  fm:  the  farmer’s  products  and  winds  that  swept 
away  his  soil — cmiservadon  became  an  announced  goal 
of  nadonal  p<Jicy,  although  in  practice  it  was  frequently 
comldned  with  and  diluted  by  other  objecdves. 

But  while  the  depressimi  seared  men’s  minds  with  the 
fear  of  a  recurrence  of  unemployment  and  idleness,  it 
strengthened  a  dominant  American  belief  that  the  only 
"good”  resource  was  a  resource  in  use — commercial  use. 
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’Tull  employment,”  its  attainment  and  perpetuation,  be¬ 
came  the  overriding  goal  of  national  pidicy,  and  during 
the  confusion  following  World  War  II  we  ’’guar¬ 
anteed”  its  survival  by  the  passage  of  legislation  which 
expressed  more  of  a  hope  than  a  method  of  achievement. 
Subsequent  developments  allayed  our  fear  of  unemploy¬ 
ment  and  depression,  but  did  not  diminish  our  enthusi¬ 
asm  for  full  utilization  of  our  resources.  Increased  na¬ 
tional  output  was  substituted  as  the  overall  goal  of 
nadmial  policy,  initially  to  help  check  price  inflation  and 
later  to  speed  the  defense  molnlizatuMi  program. 

It  is  natural,  if  illogical,  for  the  benefits  from  full 
employment  of  human  resources  to  be  extended  uncriti¬ 
cally  to  full  employment  of  all  resources.  Progress,  as 
reflected  by  increasing  per  capita  real  income,  has  gen¬ 
erally  been  achieved  dirough  the  explottatuMi  of  a  larger 
portion  of  our  resource  base.  Again,  the  natural  infer¬ 
ence  is  that  die  more  resources  we  bring  under  commer¬ 
cial  exploitadon,  the  greater  will  be  our  nadonal  output 
and  the  higher  our  standard  of  living.  But  this  con¬ 
venient  capsule  theory  of  resource  udlizadon  ignores  a 
fundamental  difference  between  human  and  natural  re¬ 
sources:  human  resources  detenorate  with  idleness;  nat¬ 
ural  resources  may  require  periods  of  disuse  for  replen¬ 
ishment. 

The  unemployed  worker  is  subject  to  all  the  corro¬ 
sive  influences  of  inacdvity:  impairment  of  skill  through 
inability  to  practice  his  craft,  deterioradon  of  morale 
from  inadequacy  of  income  and  uncertainty  of  future 
employment,  and — at  the  social  level — loss  of  national 
output  that  can  never  be  recovered.  A  man-hour  of 
unemployment  is  an  irretrievable  loss  to  society.  When 
muldplied  by  millions,  as  it  is  during  a  depression,  it 
becomes  an  irreparaUe  loss.  But  a  strict  idendty  between 
waste  and  disuse  does  not  extend  to  natural  resources. 

Our  exhaustible  resources  —  coal,  iron  ore,  bauxite, 
and  the  like — are  preserved  for  future  use  by  abstinence 
from  current  consumpdon.  Renewable  resources — soil, 
water,  timber — are  not  only  conserved  during  periods  of 
conunercial  quiescence,  but  under  proper  management 
may  undergo  extendve  and  necessary  rejuvenadon.  It  is 
at  this  point  that  full  utilization  of  manpower  resources 
differs  significantly  from  full  utilizadon  of  natural  re¬ 
sources.  In  the  case  of  manpower,  a  sustained  high  level 
of  output  can  be  achieved  only  by  the  cmitinuous  em¬ 
ployment  of  all  human  resources  that  are  availaUe  in 
the  labor  market.  In  the  case  of  natural  resources,  sus¬ 
tained  capacity  output  can  be  maintained  only  if  renew¬ 
able  resources  are  not  depleted  without  regard  to  their 
recuperative  ability. 

Intensive  and  continuous  use  of  such  basic  resources 
as  soil,  water,  and  timber  is  likely  to  destroy  the  resil¬ 
iency  of  the  resource  and  diminish  the  producdvity  of 


the  resource  base.  This  does  not  mean  that  whenever  the 
rate  of  resource  depledon  exceeds  the  rate  of  resource 
replenishment  that  man  is  courting  disaster.  We  would 
allow  ourselves  to  be  conquered  by  a  sendmental  fallacy 
if  we  sought  to  return  our  resource  base  to  its  primitive 
luxuriance.  Renewable  resources  can  be  depleted  with¬ 
out  immediate  ecMiomic  and  cultural  impoverishment, 
but  we  should  recognize  that  the  rate  of  resource  deple¬ 
tion  cannot  persistently  exceed  the  rate  of  resource  re¬ 
newal  without  weakening  the  carrying  capacity  of  the 
resource  base. 

This  elemental  consideradon  needs  re-emphasis  dur¬ 
ing  a  time  when  the  goals  for  increased  nadonal  output 
stress  capacity  producdon  by  both  natural  and  human 
resources.  In  our  release  from  anxiety  over  the  ability 
of  our  economic  system  to  provide  employment  for  all 
those  seeking  jobs  after  World  War  II,  we  should  not 
ign(M«  a  less  apparent  but  important  danger  to  our  re¬ 
source  base.  Full  employment  may  bring  with  it  ^full 
destruction”  of  some  of  our  renewMe  resources  unless 
they  are  afforded  the  idleness  necessary  to  sustain  their 
productive  capacity.  In  turn,  unless  the  rate  of  depletion 
and  the  terminal  date  of  exhaustible  resources  are  clearly 
recognized,  future  output  will  suffer  as  a  result  of  over 
ambitious  current  production  goals. 

Although  the  American  system  of  land  use  rests  pre¬ 
dominantly  cm  private  initiadve,  the  pracdces  of  indi¬ 
vidual  resource  owners  exert  influences  that  affect  the 
prcxlucdvity  of  resources  owned  by  others  as  well  as  the 
aggregate  nadonal  output.  Fcm:  this  reascm,  the  attain¬ 
ment  of  maximum  output  must  consider  the  influence  of 
the  system  of  resource  use  as  well  as  the  effect  upon  re¬ 
source  utilizaticm  of  the  goals  of  nadcmal  pcdicy.  For 
example,  the  cultivaticm  of  submarginal  land  and  the 
use  of  improper  methods  of  culdvadcm  raise  problems 
at  two  levels:  (1)  a  private  problem  for  the  farmer  till¬ 
ing  submarginal  land  and/or  employing  undesirable 
methods  of  culdvadcm  who  receives  an  insufficient  re¬ 
turn  for  his  efforts  and  suffers  detenmradcm  of  his  land 
and  a  decline  in  the  value  of  his  investment,  and  (2)  a 
social  problem  that  cxrcurs  when  such  private  practices 
result  in  soil  deterioradcm  extending  beycmd  the 
holdings  of  the  individual  whose  pracdces  have  en¬ 
couraged  wind  and  water  erosicm  and  leaching.  Thus, 
the  removal  of  native  grasses  and  timber  in  carder  to 
culdvate  land  of  low  fertility  or  land  in  an  area  of  nor¬ 
mally  insufficient  rainfall  may  result  in  more  than  the 
impoverishment  of  the  offending  farmer:  it  may  cause 
adjacent  areas  of  high  fertility  land  to  be  covered  alter¬ 
nately  with  layers  of  productivity-robbing  silt  and  dust. 

The  scxrial  loss  from  the  impairment  of  the  high  fer¬ 
tility  land  in  such  cases  will  generally  exceed  the  tem¬ 
porary  addidon  to  our  nadcmal  output  from  the  cultiva- 
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tion  of  submarginal  land.  For  thb  reason,  withdrawal 
of  inferior  land  from  explmtadon,  as  well  as  improve¬ 
ment  in  the  methods  of  cultivation,  is  essential  to  con¬ 
tinuous  capacity  output.  The  Twentieth  Century  Fund 
has  estimated  that  an  expenditure  of  from  six  to  nine 
billion  dollars  (in  terms  of  1947  prices)  spread  over  a 
period  of  fifteen  years  would  be  required  to  rehabilitate 
our  land  to  the  point  where  the  population-resource  re- 
latitxuhip  is  in  reastmable  balance.  (2)  This  estimate 
does  not  include  the  cost  of  withdrawing  unproductive 
land  from  cultivation,  or  the  expenditures  that  would 
be  required  to  rehabiliute  non-agricultural  natural  re¬ 
sources. 

A  program  designed  to  eliminate  the  cultivatitm  of 
submarginal  land  would  add  more  than  780  millicm  dol¬ 
lars  to  the  above  figure,  remove  about  eighty  million 
acres  of  land  from  farming,  and  take  twenty  years  to 
resettle  approximately  half  a  million  farm  families.  The 
point  to  remember  is  that  emphasis  upmi  a  crude  con¬ 
cept  of  full  employment  may  cause  us  to  ignmre  the 
seemingly  paradoxical  fact  that  the  optimum  use  of 
some  resources  is  permanent  disuse;  and  for  others,  pe¬ 
riodic  disuse.  That  is,  idleness  represents  the  only  eco¬ 
nomic  use  of  those  natural  resources  that  are  incapable 
of  replenishing  their  productivity. 

The  economic  desirability  of  enforced  idleness  for 
some  of  our  natural  resources  is  not  confined  to  land 
areas  that  require  uniquely  favorable  madtet  conditions 
and  almormally  heavy  rainfall  f<Mr  profitable  culdvatimi. 
*The  standard  of  commercial  profitability  breaks  down  in 
other  cases  when  broad  social  considerations  are  in¬ 
volved.  By  relying  mi  purely  commercial  standards  a 
wide  variety  of  resources  which  from  the  social  stand¬ 
point  should  remain  idle  are  brought  under  commercial 
exploitatimi.  For  example,  the  important  social  worth  of 
wilderness  areas  is  frequently  discounted  in  favor  of 
trivial  private  gain.  Standing  timber  may  be  more  use¬ 
ful  to  society  as  a  protection  against  rapid  runoff  in  a 
watershed  regirni  than  as  harvested  board  feet  fm:  the 
constructimi  of  homes  or  the  production  of  pulp  paper. 
In  the  case  of  exhaustible  resources,  mining  of  commer¬ 
cially  workaUe  mineral  deposits  may  be  accompanied  by 
the  destruction  of  other  and  socially  more  important  re¬ 
sources  in  order  to  provide  a  modiciun  of  private  gain. 

In  such  cases  we  need  to  distinguish  clearly  between 
the  private  gain  and  the  public  loss,  and  to  enforce  strict 
protection  of  the  public’s  interest  in  idle  resources.  Un¬ 
fortunately  we  cannot  turn  to  the  government  in  full 
confidence  that  all  private  spoilation  will  be  prevented. 
Indeed,  the  government  itself  is  frequently  more  than  a 
passive  partner  in  the  misuse  of  natural  resources.  The 
emergence  of  big  government  beholden  to  pressure 
groups  in  some  natural  resource  matters  has  permitted 


special  (and  minor)  interests  to  subvert  the  general  wel¬ 
fare.  In  addition,  jurisdictional  disputes  among  various 
governmental  agendas  over  the  administration  of  natural 
resource  projects  and  competition  for  Congressional  ap¬ 
propriations  have  frequently  obscured  the  broader  social 
interest  by  petty  considerations  and  conflicts.  Comped- 
d(m  among  business  units  is  producdve  of  much  puUic 
good;  but  compeddon  among  governmental  agencies 
seems  to  bring  just  the  opposite:  larger  bureaucracy, 
looser  puUic  purse  strings,  and  increased  vulnerability 
to  pressure-group  polidcs. 

Probably  no  better  illustradon  of  the  enduring  public 
interest  in  idle  resources  and  the  ccmflict  with  private 
explmtadon  and  some  forms  of  government  intervendon 
is  found  than  in  the  case  of  the  wilderness  area.  The 
wilderness  area — a  remnant  of  primidve  America — is 
rapidly  vanishing  from  our  continent  largely  as  a  result 
of  a  latter-day  extenskm  of  the  frontier  philosophy,  whidi 
encouraged  the  exploitadon  of  all  resources  in  the  mis¬ 
taken  belief  that  progress  was  made  in  propordon  to  the 
area  of  land  cleared  and  the  number  of  trees  cut.  We 
may  eventually  realize  that  wilderness  areas  consdtute 
one  of  our  unique  and  highly  perishable  social  assets,  an 
extreme  illustration  of  the  case  where  certain  resources 
attain  their  greatest  social  value  when  subjected  to  en¬ 
forced  commercial  idleness.  The  worth  of  such  areas  as 
barriers  to  erosion  is  fairly  well  known;  their  more  pori- 
dve  uses  as  wildlife  sanctuaries,  scientific  laboratories 
where  ’’nature’s  balance”  b  reladvely  undbturbed,  and 
as  unusual  recreadonal  regions  are  less  fully  appreciated. 
These  uses  are  not  suscepdUe  to  the  mtmey  calculus  of 
the  market  place,  but  become  more  important  with  every 
extensitm  of  urbanizadon  and  industrializadon. 

A  necessary  first  step  toward  achieving  sustained 
maximum  output  for  our  economy  b  the  abandonment 
of  a  superficial  version  of  full  employment  and  maxi¬ 
mum  output  goaU.  The  cridcal  importance  of  conserv¬ 
ing  resources  in  order  to  cmidnue  using  them  must  be 
included  as  an  essential  part  of  our  nadonal  policy.  Thb 
objecdve  must  embrace  and  appredate  the  special  eco¬ 
nomic  characteristics  if  the  gradual  destructimi  of  our 
resource  base  b  to  be  prevented.  It  must  be  clearly  rec¬ 
ognized  that  private  gain  b  not  always  synonymous  with 
public  welfare,  and  that  commercial  use  of  natural  re¬ 
sources  may  sometimes  destroy  both  the  resources  and 
more  important  socbl  values.  In  short,  recognition  of 
the  real  worth  of  idle  resources  is  a  neglected  corner¬ 
stone  of  an  effective  conservation  program. 
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Water  in  the  Southeast 


_ _ JOHN  J.  NOLL 

The  Southeast  is  blessed  with  an  abundant  supply  of  good  quality  water.  In  fact,  the 
water  supply  of  this  section  is  one  of  its  most  important  natural  resources,  and  one  that  is 
constantly  being  renewed.  With  water  shortages  occurring  in  many  places  elsewhere,  the 

huge  supplies  of  the  Southeast  are  still  largely  undeveloped.  Rainfall,  the  source  of  all  our 

water,  is  usually  more  than  adequate  and  well  distributed  throughout  the  year. 


WATER  IS  A  PRIMARY  FACTOR  in  the  rapidly 
expanding  industrial  growth  of  the  South.  An  impor¬ 
tant  reason  for  selection  of  the  site  near  Aiken,  South 

Carolina,  for  the  new  billion-dollar  hydrogen  bomb 

plant  was  the  assurance  of  adequate  supplies  of  high 
chemical  quality  water. 

That  the  people  of  thb  section  are  well  aware  of  the 
importance  of  water  is  illustrated  by  the  Santee-Cooper 

River  development  at  Charleston,  South  Carolina,  where 
an  entirely  new  fresh  water  source  with  a  potential  of 
10  billion  gallons  daily  is  being  developed. 

More  and  mcwe  we  are  coming  to  realize  what  a  tre¬ 
mendous  asset  our  streams,  rivers,  and  ground  water  sup¬ 
plies  represent  and  the  extent  to  which  they  influence 
out  eccHiomic  future.  With  a  constantly  Increasing  water 
demand,  the  critical  water  shcM-tages  and  serious  pollu¬ 
tion  problems  occurring  in  some  localities  are  cause  for 
serious  concern.  It  is  time,  therefore,  for  an  inventory  of 
our  water  resources,  an  examination  and  better  under¬ 
standing  of  our  water  problems,  and  careful  considera- 
ticxi  of  future  water  needs. 

Water — ^Definitions 

Water  is  constantly  in  motion.  This  motion  follows  a 
definite  pattern  of  events  called  the  "hydrologic  cycle” 
(1)  (5)  (8).  Water  following  this  cycle  evaporates 
wherever  it  is  exposed  to  the  air;  rises  into  the  atmos¬ 
phere;  is  finally  condensed  and  falls  as  rain  or  snow. 

We  begin  to  measure  our  available  water  when  it  falls 
on  the  ground  (precipitation  records) .  Scnne  of  it  runs 
off  the  land  surface  into  streams,  rivers,  and  lakes,  and 
is  called  surface  water.  Some  percolates  down  through 
the  soil  below  the  reach  of  plant  roots  to  the  water  table, 
the  zone  where  all  openings  and  spaces  in  the  rocks  are 
fully  saturated  with  water  and  in  which  the  water  flows 
by  gravity.  This  is  called  ground  water. 

Ground  water  is  continually  in  motion.  This  move¬ 
ment  may  begin  at  the  recharge  areas — areas  which  al¬ 
low  water  from  rainfall  and  surface  sources  to  seep 
downward  to  replenish  ground  water  stores.  The  flow  is 

John  J.  Noll,  a  member  of  the  SCSA,  is  geologist  for  the 
Soil  Conservation  Serviee.  His  headquarters  are  at  Spartan¬ 
burg,  South  Carolina. 


mainly  by  gravity  laterally  toward  areas  of  natural  or 
artificial  discharge  where  it  returns  to  the  surface,  but 

may  be  upward  as  well  as  downward. 

Ground  water  may  be  under  water-table  or  artesian 

conditions  (5).  Under  water-table  conditions,  the  top 
of  the  zone  of  saturaticMi  is  at  atmospheric  pressure,  and 
the  ground  water  behaves  much  like  water  in  a  surface 
reservoir.  The  zone  of  saturation  extends  downward  un* 

til  impermeable  rocb  are  encountered.  Wells  which 

penetrate  water  stored  under  water-table  ctmdititms 
drain  water  from  the  pores  and  spaces  between  the  rocks. 

Under  artesian  conditi<His,  water  becomes  confined 
under  pressure  between  two  layers  of  impermeable  ma¬ 
terial.  Artesian  aquifers  are  comparable  to  a  piping  sys¬ 
tem  in  that  they  are  full  of  water,  receiving  water  fr<xn 
the  recharge  area  at  the  upper  end  and  discharging  it  at 
the  lower  end  (8) .  Artesian  water  will  rise  in  a  tightly 
cased  well  with  a  head  equivalent  to  the  difference  in 
elevati(Mi  between  the  well  intake  and  the  elevation  of 
the  water  table  in  the  recharge  area,  less  the  loss  from 
friction.  If  the  head  happens  to  be  above  the  ground* 
surface,  as  often  occurs  in  valleys  and  the  lower  Coastal 
Plain,  the  well  will  flow. 

In  the  Coastal  Plain,  ground  water  very  commonly 
occurs  under  both  water  table  and  artesian  conditions  in 
the  same  area. 

Water  Resources  in  the  Southeast 

Southeastern  United  States  is  an  area  of  excessive  pre¬ 
cipitation.  Average  annual  rainfall  varies  from  a  low  of 
32  inches  in  the  upper  Shenandoah  Valley  of  Virginia  to 
84  inches  in  the  Blue  Ridge  Mountains  of  North  Caro¬ 
lina.  The  regional  average  rainfall  is  about  50  inches 
(Figure  1)  (9). 

Average  annual  runoff  varies  from  10  to  40  inches 
(Figure  2)  (3).  Seasonal  differences  in  runoff  are  usu¬ 
ally  not  pronounced.  However,  the  streams  above  the 
Coastal  Plain  are  flashy.  In  the.  limestone  areas  many  of 
the  smaller  streams  are  perched  above  the  permanent 
water  table  and  are  intermittent  in  character.  The  Blue 
Ridge  area  with  high  precipitation,  high  rates  of  run¬ 
off,  and  low  turbidities  is  one  of  the  best  sources  of  high 
quality  surface  water  in  this  section. 

There  are  four  principal  ground  water  areas  in  the 
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Southeast.  These  are  the  (1)  Coastal  Plain,  (2)  Pied* 
moat  Plateau,  (3)  Blue  Ridge  Mountains,  and  (4)  Old 


Sedimentary  Areas  (Figure  3) . 

The  Coastal  Plain  area  is  probably  the  most  produc¬ 
tive  ground  water  area  in  the  nation.  It  comprises  37  per 
cent  of  the  Southeastern  Region.  The  loose,  unconsoli¬ 
dated  nature  of  the  Coastal  Plain  formations  provides 
ideal  ccmditions  for  large  ground  water  storage  and 
rapid  recharge.  With  the  exceptimi  of  occasional  areas 
of  naturally  brackish  water,  the  water  recovered  from 
this  area  is  generally  low  in  dissolved  materials  and  is  of 
excellent  chemical  quality.  Layers  of  impermeable  clays 
and  marls,  alternating  with  permeable  sands,  gravels, 
and  limestone,  all  dipping  toward  the  coast,  result  in 
artesian  conditions  throughout  most  of  this  area  (1). 

Ground  water  conditions  are  poor  in  the  Piedmtmt 
Plateau.  The  limited  ground  water  supplies  are  usually 
sufficient  only  to  meet  the  needs  of  smaller  communities. 

The  Blue  Ridge  area  has  very  limited  ground  water 
supplies.  Numerous  small  springs  furnish  moderate 
amounts  of  water. 

The  area  of  Old  Sedimentary  formations  west  of  the 
Blue  Ridge  is  variable  as  to  ground  water  ctmditions. 
Occasionally  large  supplies  are  available  from  sandsttmes 
and  limestones.  Large  supplies  are  sometimes  obtained 
from  deep  alluvial  deposits. 

Water  Use  and  Problems 

It  is  estimated  that  in  1930  about  14  billion  galltms  of 
water  were  used  every  day  in  the  nine  Southeastern 
states  for  municipal,  industrial,  and  rural  use  and  for 


irrigation.  About  83  per  cent  of  this  water  came  from 

surface  sources,  and  the  remaining  17  per  cent  from 
ground  water  supplies.  About  400  million  acre-feet  of 
surface  water  was  used  annually  for  hydroelectric 
power  (4). 

During  the  past  20  years  the  use  of  water  has  been 
growing  by  leaps  and  bounds.  Largely  responsible  are 

the  greatly  increased  demands  from  industry,  installation 
of  air  conditioning  systems,  supplemental  irrigation,  and 
increased  pc^ulaticMi. 

The  principal  problems  of  ground  water  use  are  the 

limited  available  supplies  in  some  sections,  decline  of 

head  and  yield,  and  encroachment  by  salt  water. 

The  important  surface  water  problems  are  pollution, 
floods,  and  periods  of  low  flow.  An  additionad  problem 
is  the  need  for  extension  and  enlargement  of  present 

water  supply  facilities  in  a  large  num^r  of  communities. 

Water  supply  systems,  particularly  filtratimi  plants, 
have  not  kept  pace  with  the  growth  of  population  and 
industry. 

Pollution  is  primarily  a  surface  water  problem,  al¬ 
though  serious  ground  water  pcdludon  occurs  in  Florida 
and  other  limestone  areas.  The  three  main  sources  of 
pollutitm  are  municipal  sewage,  industrial  wastes,  and 
silt  from  sml  erosicm.  Practically  all  the  major  streams 
in  the  Southeast  are  ptdluted  to  some  extent;  a  number 
of  them  seriously.  Above  the  Coastal  Plain,  silt  pollution 
b  almost  a  universal  problem.  It  is  particularly  serious 
in  the  Piedmtmt  Plateau. 

Pollutimi  of  any  kind  damages  recreational  values, 
destroys  aquatic  life,  and  endangers  public  health.  Some 
industrial  wastes  are  highly  poisonous  and  corrosive. 

In  many  parts  of  the  Piedmont  sectkxi,  soil  erosimi  is 
contributing  silt  to  stream  channels  faster  than  the 
streams  can  carry  it  away.  The  resulting  channel  fill  has 
inhibited  the  drainage  of  a  large  portion  of  the  bottom 
lands  to  the  pcnnt  where  they  are  too  wet  for  agricultural 
use.  Many  acres  of  flood  plains  are  also  being  damaged 
by  deposits  of  coarse,  infertile  sediment.  Sediment  fill 
has  destroyed  or  is  destroying  the  usefulness  of  many 
reservoirs.  The  cost  of  filtering  water  for  domestic  and 
industrial  use  is  increased  by  excessive  sediment.  Sedi¬ 
ment  deposits  contribute  to  the  maintenance  cost  of  river 
and  harbor  works,  drainage,  and  irrigation  projects. 

The  more  important  water  proUems  are  summarized 
by  states  below:  (3)  (7)  (8) 

Alabama.  At  Mol^e,  pumping  for  air  conditioning 
has  lowered  the  shallow  aquifer  below  the  river  level  and 
induced  infiltraOMi  from  the  brackish  Mot^e  River. 
Overdraft  by  closely  spaced  wells  has  seriously  lowered 
water  levels  at  Montgomery  and  possiUy  at  Selma.  The 
Black  Warrior  River  is  seriously  piJluted  from  Birming¬ 
ham  to  beyond  Tuscaloosa. 
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Florida.  Although  water  supplies  are  generally  abun¬ 
dant,  local  problems  have  developed  in  many  parts  of 
Flixida.  Pumpage  at  St.  Petersburg  and  Tampa  has 
lowered  the  water  uble  enough  to  allow  salt  water  to 
cimtaminate  a  considerate  portion  of  Pinellas  County. 
At  Miami,  lowering  of  water  levels  brought  about  large¬ 
ly  by  drainage  has  caused  salt  water  contamination 
through  the  tidal  canals.  Salt  water  encroachment 
through  canals  and  tidal  streams,  induced  largely  by 
excessive  pumping  and  drainage,  has  occurred  at  Pensa¬ 
cola,  Panama  City,  Fort  Myers,  Fort  Pierce,  Stuart,  and 
several  other  coastal  localities.  In  the  Sanford  and  Indian 
River  areas  pumping  for  irrigation  has  brought  about 
contamination  from  naturally  salty  artesian  water.  Dis¬ 
posal  of  sewage,  citrus  and  industrial  wastes  into  lime¬ 
stone  aquifers  has  pi^luted  ground  water  supplies  in  a 
number  of  areas.  Wide  fluctuation  of  surface  supplies, 
seastmal  droughts  and  floods,  are  a  serious  problem  in 
the  Everglades.  Pollutiim  of  recreational  beaches  is  seri¬ 
ous  in  several  coastal  areas. 

Georgia.  The  rapid  industrialization  and  municq^al 
growth  of  north  GecMrgia,  an  area  of  limited  ground 
water  supply,  has  necessitated  an  expansion  of  water  fa¬ 
cilities;  largely  by  impounding  surface  water.  Large 
amounts  of  water  are  wasted  from  unconmJled  flowing 
artesian  wells  in  the  southeastern  part  of  the  state.  The 
artesian  head  at  Savannah  has  been  lowered  more  than 
100  feet  by  excessive  pumping. 

Kentucky.  Floods  are  a  major  problem  along  many 
Kentucky  streams.  Low  flows  often  occur  during  the 
summer  months.  The  Ohio  River  is  badly  polluted. 
Ground  water  supplies  are  limited  over  most  of  the  sute. 
Louisville  had  very  serious  ground  water  depletimi  re¬ 
sulting  from  overdraft.  This  situation  is  now  largely 
corrected  by  conservation  measures.  Some  ground  water 
poUutitm  occurs  in  the  limestcme  areas.  Pollution  from 
acid  mine  waste  occurs  in  the  mining  sections. 

Mississippi.  Floods  cause  damage  along  the  Yazoo, 
Tallahatchie,  Tombigbee,  Pearl,  and  Leaf  Rivers  and 
many  other  streams  in  the  state.  There  is  serious  sedi¬ 
mentation  damage  to  bottomland  areas.  Polluticm  oc¬ 
curs  at  Jackson,  Meridian,  Laurel,  and  near  Gulfport. 
Ground  water  levels  have  declined  locally  from  over¬ 
draft,  and  there  has  been  some  salt  water  encroachment 
aliMig  the  coast.  Uncontrolled  flowing  wells  cause  con¬ 
siderable  water  waste. 

North  Carolina.  PolluticMi,  floods,  and  damages  re¬ 
lated  to  sedimentation  are  the  most  important  water 
proUems  in  North  Carolina.  Serious  ptJlutimi  occurs  in 
the  Roanoke,  Dan,  Yadkin,  Neuse,  Cape  Fear,  French 
Broad,  Tuckasegee,  Pigeon,  and  North  Toe  rivers.  The 
water  supply  systems  of  many  communities  are  inade¬ 
quate  to  meet  present  day  water  needs.  Ground  water 


and  surface  water  are  scarce  in  some  localities. 

South  Carolina.  Flooding  is  a  problem  along  many 
rivers  and  streams.  Excessive  sediment  fills  reservmrs 
and  stream  channels  and  damages  surface  waters.  Salt 
water  encroachment  occurs  in  the  Georgetown,  Beaufort, 
and  Charleston  areas.  Water  levels  have  declined  at 
Ge<»getown  and  Florence.  Ground  water  is  scarce  above 
the  Coastal  Plain.  Many  flood  plains  need  drainage. 

Tennessee.  Floods,  pt^lution,  and  scarcities  of  avail¬ 
able  water  are  major  problems  in  Tennessee.  Ground 
water  supplies  are  limited  over  most  of  the  state.  Sea¬ 
sonal  low  flow  is  a  problem  in  the  limestmie  sections. 
Pollution  occurs  in  the  Cumberland  and  Tennessee  riv¬ 
ers  and  many  of  their  tributaries.  Water  levels  have 
declined  about  50  feet  at  Memphis. 

Virginia.  Floods,  pollution,  sedimentation,  and  sea¬ 
sonal  low  flows  are  problems  in  Vi^inia.  Pollution  is 
serious  on  the  James,  RoancJce,  South  Fork  Shenandoah, 
North  Folk  Holston  rivers  and  several  other  streams. 
Water  supply  facilities  are  too  small  for  present  and 
future  requirements  at  a  number  of  communities.  Val¬ 
uable  oyster  beds  have  been  condemned  because  of 
pollution. 

Legal  Aspects  of  Water  Use 

Water  Rights.  The  ^.bundant  water  supplies  of  the 
Southeast  have  kept  controversies  over  water  rights  at  a 
minimum.  Consequently,  laws  affecting  the  use  of  water 
are  meager.  Usually  the  riparian  doctrine  applies  to  the 
use  of  surface  water  and  English  common-law  applies  to 
ground  water.  In  general,  the  common-law  riparian  doc- 
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trine  is  interpreted  to  entitle  the  landowners  adjacent  to 
a  stream  to  use  of  the  stream,  limited  to  a  reasonaUe 
use  or  equitable  share  mth  owners  downstream. 

There  is  little  or  no  specific  state  law  governing  diver¬ 
sion  of  surface  water  in  this  section.  South  Carolina 
and  Virginia  have  enacted  effective  legulation  regulat¬ 
ing  pollution  of  both  surface  and  ground  water.  Arte¬ 
sian  flow  and  withdrawal  is  controlled  in  pam  of  Florida. 

Until  recently  little  attention  has  been  given  to  con¬ 
trol  and  use  of  ground  water.  Three  major  concepts  are 
in  use  receding  ground  water  rights.  The  oldest  is  die 
English  common  law  doctrine  whereby  a  landowner  may 
take  water  from  under  his  own  land  as  much  as  he 
pleases  without  regard  to  the  rights  of  others.  Under 
this  law  there  can  be  no  legal  control  of  ground  water. 
It  is  satisfactory  only  where  water  demand  is  consider¬ 
ably  less  than  the  availaUe  supply. 

The  second  doctrine  is  the  American  doctrine  of  rea¬ 
sonable  use,  first  advanced  in  New  Hampshire  in  1862. 
lender  this  law  a  perscxi  is  restricted  in  the  use  of 
^4‘ound  water  to  beneficial  use  mi  his  own  land  having 
uue  respect  for  his  neighbors*  similar  rights.  A  more  re¬ 
cent  form  of  the  rule  of  reasonable  use  is  die  so-called 
doctrine  of  correlative  rights.  This  rule  provides  that  in 
cases  where  there  is  not  enough  water  for  all,  that  it  be 
apportioned  on  the  basis  of  the  area  of  land  held  by 
each  user. 

The  third  doctrine  is  that  of  prior  appropriatimi.  Un¬ 
der  this  law,  water  is  considered  as  public  property  and 
is  subject  to  appropriation  for  beneficial  use.  Under  this 
rule  land  ownership  does  not  give  inherent  right  to  wa¬ 
ter.  Water  right  is  acquired  by  appropriation  for  bene¬ 
ficial  use.  The  earliest  appropriadon  has  the  first  right 
and  all  subsequent  apprc^riadmis  are  subordinate  to  the 
previous  mie.  This  rule  protects  the  early  users  against 
late  comers.  This  last  doctrine  is  recognized  only  in 
partsof  theWest  (2)  (5)  (6)  (7). 

Pollution.  In  the  Water  PoUudon  Control  Act  of 
1948  (PuUic  Law  84!^)  the  Federal  Government  ad(^t- 
ed  the  principle  of  financially  assisting  states,  interstate 
agencies  and  local  groups  in  the  construcdon  of  sewage 
treatment  plants.  This  act  declares  it  a  cmigressimial 
policy  to  recognize  the  primary  respmuibilides  and 
rights  of  the  states  m  controlling  polludmi.  Under  the 
statute  the  government  has  no  powers  to  enforce  other 
than  to  hold  public  hearings  on  polludon  violatimis.  If 
p(fllution  continues  in  violadmi  of  the  recommendadcms 
of  the  public  hearings,  the  Federal  Security  Administra¬ 
tion,  with  the  consent  of  the  state  involved,  may  bring 
suit  to  secure  abatement.  The  Fish  and  Wildlife  Serv¬ 
ice  and  the  Bureau  of  Mines  have  authority  to  invesd- 
gate  pollution  in  reladon  to  wildlife.  There  are  several 
statutes  authorizing  the  Secretary  of  the  Army  to  con¬ 


trol  the  deposit  of  refuse  matter  in  navigable  waters. 
State  water  p(dlution  cmimfl  agencies  have  been  set  up 
in  most  of  the  Southeastern  states.  A  few  interstate  pol¬ 
ludon  cmitrol  commissions  have  been  formed.  In  several 
cases  local  groups  have  been  organized  to  combat  spe¬ 
cific  polludmi  problems  (7). 

Conclusioiis 

UnquesdonaUy,  there  is  need  for  a  better  understand¬ 
ing,  sound  development,  and  protecdmi  of  our  water 
resources.  The  constandy  increasing  use  of  water  will, 
in  dme,  necessiute  some  sort  of  conservation  and  regu- 
ladmi.  The  rapidly  expanding  population  and  industrial 
development  of  the  Soudieast  will  inevitaUy  lead  to  seri¬ 
ous  problems  of  polludon  and  overdevelopment  unless 
sound  prevendve  measures  are  undertaken.  A  concerted 
effort  should  be  made  to  anticipate  these  problems. 

Efficient  and  complete  development  of  water  resources 
cannot  be  accomplished  without  a  better  understanding 
of  their  occurrence,  quandty,  quality  and  availability. 
Addidonal  studies  are  needed  to  secure  this  information. 

Ground  water  and  runoff  records  are  too  short  and  in¬ 
conclusive  to  reflect  the  effects  of  man’s  activities  on 
water  supply.  In  this  area  of  excessive  predpitadon,  cul¬ 
tural  practices  seem  less  important  to  water  supply  than 
the  methods  of  develc^ing  and  using  water.  There  are 
cases  where  misuse  of  the  land  has  caused  a  permanent 
lowering  of  the  water  table.  Usually  deep  gullies  have 
the  same  effect  as  drainage  ditches  and  will  lower  ground 
water  levels  wherever  they  occur  (Figure  4).  Stream 
channels  filled  with  erosional  debris  have  the  opposite 
effect  of  raising  water  levels. 
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The  declines  in  head  which  occur  at  several  places 
throughout  the  region  do  not  mean  there  is  less  ground 
water  today  than  fcMmerly.  In  this  sectiim,  at  least,  de¬ 
clines  are  a  local  condition  which  occur  when  the  rate  of 
pumping  exceeds  the  rate  of  recharge  to  that  area.  Head 
will  continue  to  be  lowered  in  these  areas  until  pumpage 
is  balanced  by  the  rate  of  inflow  to  the  area. 

Water  supplies  should  be  developed  to  insure  a  peren¬ 
nial  supply.  Water  conservation  can  do  much  toward 
eliminating  local  problems  of  overdevelt^sment  of 
ground  water.  The  elimination  of  waste  from  flowing 
wells,  whether  by  voluntary  action  of  the  owners  or  by 
action  of  district  and  state  agencies,  will  result  in  in¬ 
creased  artesian  pressure.  Prohibiting  overpumping,  re¬ 
claiming  used  water  for  artificial  recharge  of  aquifers, 
better  disposal  of  wells — all  will  aid  in  water  ccmserva- 
tion. 

The  increased  pressure  of  population  and  industry  on 
ground  water  resources  makes  legal  control  of  ground 
water  almost  inevitable.  This  fact  should  be  faced  in  a 
practical  way  and  the  proper  acticMi  taken  before  emer¬ 
gencies  develop  similar  to  those  which  have  already  taken 
place  in  other  parts  of  the  country.  Much  of  the  existing 
law  is  unsound  largely  because  of  lack  of  understanding 
of  hydrologic  principles.  Legal  rights  are  poorly  defined 
and  need  clarificatiim.  It  may  be  that  the  doctrine  of 
appropriation  offers  the  most  satisfactory  answer  to 
equitable  use  and  maximum  ground  water  development. 

Pollution  abatement  should  be  made  a  part  of  any  wa¬ 
ter  resources  development  program.  It  is  essentially  a 
proUem  that  can  be  solved  Mily  by  puUic  actitm  and 
support.  Effectiveness  depends  on  local,  sute,  and  fed¬ 
eral  cooperatiMi.  State  legislation  for  the  control  of 
polluticm  is  diverse.  Several  states  have  effective  water 
polluti(Mi  control  legislation  while  others  do  not.  How¬ 
ever,  even  where  pollution  law  is  adequate,  enfcvcement 
of  the  law  is  often  difficult  and  unpopular.  Public  en¬ 
lightenment  as  to  the  importance  of  the  problem  will 
do  much  toward  correcting  the  situation. 
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Figure  4.  This  huge  gully  in  southeastern  Georgia  is  more 
than  100  feet  deep.  Gullies  have  the  same  effect  as  drainage 
ditches  and  if  deep  enough  will  lower  ground  water  levels. 
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Our  Soil:  American  Heritage 

The  soil  is  the  heritage  of  our  Nation.  We  are 
only  its  custodians  for  a  brief  span  of  time. 

The  soil  is  our  most  priceless  possession;  protect¬ 
ing  it  is  our  greatest  responsibility.  Freedom  has 
never  flourished  in  an  impoverished  land, 

God  grant  us  intelligence  to  respect  our  soil,  and 
the  world  to  conserve  it  in  all  ways,  so  that  when 
our  period  of  stewardship  is  done,  we  may  pass  on 
the  sod  with  its  fertdity  and  fnutfulness  undimin¬ 
ished.  Thus,  our  chddren*s  children  and  their  chib 
dren*s  chUdren  shall  not  know  want,  and  their  Na¬ 
tion  will  remain  the  land  of  plenty  and  the  home  of 
freedom. 

—Charles  W,  Sweet 


This  rolling  meadowland,  knee-deep  in 
lush  grasses,  was  barren  and  desolate 
not  too  long  ago  .  .  .  worn  out  by  suc¬ 
cessive  generations  of  neglect  and  one- 
crop  farming. 

But,  what  men  have  destroyed  by 
their  ignorance,  other  men  can  restore 


through  their  knowledge  and  devotion. 

There  is  a  nobility  to  the  work  being 
done  by  conservation-minded  men,  both 
on  the  farm  and  in  government  service, 
that  cannot  be  praised  too  highly.  We 
who  build  some  of  the  tools  with  which 
they  work  are  deeply  in  their  debt. 


Building  a  better  world  through  better  farm  mechanization 
is  the  business  of  Harry  Ferguson,  Inc,,  Detroit  32,  Mich, 


FERGUSON  TRACTOR  and  63  Ferguson  System  Implements 


Copyrisiit  1932  by  Harry  Fargwoa,  lac 
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WORLD  RESOURCES  AND  INDUSTRIES.  By  Erich 
W.  Zimmerman.  Harper  and  Brothers,  New  York-  8H 
pages.  19^1. 

A  fundamenuiist  and  foremost  authority  on  the  sub¬ 
ject,  Professor  Erich  W.  Zimmerman  aptly  prefaces  his 
monumental  work  on  resources  and  economics  with  these 
remarks:  (1)  a  fuller  and  clearer  presentation  of  my 
functional  or  operational  approach  to  resources:  (2)  a 
better  organization  of  all  the  materials  presented,  espe¬ 
cially  of  individual  chapters;  and  (3)  the  inclusion  of 
thoroughly  up-to-date  statistics  and  other  factual  data. 
Thus,  in  the  author’s  own  words  and  in  the  subtitle,  A 
functional  appraisal  of  the  availability  of  Agricul¬ 
tural  and  Industrial  Materials,  this  great  work  in  the 
field  of  economics  is  briefly  summarized. 

His  original  textbook  on  the  subject  of  resources  eco¬ 
nomics  was  puUished  in  1931,  but,  as  the  author  points 
out,  the  last  two  decades  have  changed  die  appraisal 
on  our  national  resources,  that  former  precepts  are  no 
longer  of  any  value.  In  his  style.  Professes  Zimmerman 
has  so  ably  woven  together  basic  economic  factors,  of 
value,  labor  and  capital  with  the  allied  social  sciences — 
geography  in  all  of  its  aspects,  human,  social,  cultural 
and  economic,  that  this  treatise  is  elevated  above  the 
class  of  a  textbook  into  the  realm  of  general  reading 
for  every  businessman,  student,  farmer  and  soil  techni¬ 
cian  interested  in  the  conservatiixi  of  our  resources.  Any- 
(Mie  who  wants  to  take  the  time  to  read  this  wealth  of 
ectMiomic  informatim  will  find  fundamental,  accurate 
and  interesting  revelatitms  which  should  prove  to  en¬ 
lighten  them  as  to  the  true  goal  of  all  ctmservation. 

Develc^ing  the  theory  of  conservation  of  energy.  Pro¬ 
fessor  Zimmerman  explains  how  this  concept  is  related 
to  the  field  of  agriculture,  foodstuffs,  petroleum,  chemi¬ 
cal,  textile,  and  forest  industries.  In  explaining  how  re¬ 
sources  appraisal  has  affected  all  phases  of  human  life, 
the  author  says,  '^Attitudes  toward  conservation  are  radi¬ 
cally  affected  by  one's  faith  or  lack  of  faith  in  economic 
doctrine,  by  his  general  outlook  on  life,  by  his  social  phi¬ 
losophy,  and  in  particular  by  his  reliance  on  laissez  faire 
or  on  social  control.”  In  his  attempt  to  answer  these 
phases  of  the  problem,  he  deals  in  specifics,  and  appears 
to  have  reached  a  sound  and  logical  conclusitm,  that 
^The  problems  of  resource  adequacy  for  the  ages  to 
come  will  involve  wisdom  more  than  limits  set  by  na¬ 
ture.” 

— CuFFORD  E.  Briggs,  Cleveland,  Ohio 

LAND  OF  PLENTY.  By  Bert  S.  Gittins.  Farm  Equip¬ 
ment  Institute,  608  S.  Dearborn  Street,  Chicago  5,  Illinois. 
64  pages.  1951.  25  cents. 


'Tand  of  Plenty”  tells  how  the  man  on  the  farm  has 
progressed  from  a  muscle  worker  commanding  only  1.6 
horsepower  in  1870,  to  a  director  of  engines  and  ma¬ 
chinery,  commanding  33  horsepower.  It  lists  nearly 
150  major  milestones  in  the  history  of  American  farm 
mechanization — the  most  complete  list  ever  compiled. 

Most  of  the  book  is  devoted  to  the  evolution  of  farm 
machinery  by  jobs:  sml  preparation,  planting  and  culti¬ 
vating,  harvesting,  making  hay  and  forage.  A  chapter 
on  specialized  equipment  tells  of  the  origin,  growth  and 
importance  of  machinery  such  as  sprayers,  pumps,  bam 
equipment,  separators  and  milking  machines.  There  is 
also  a  section  on  tractor  power  development. 

One  chapter  deals  with  the  size  and  scope  of  the  in¬ 
dustry.  Tables  show  the  reduction  in  man-hours  re¬ 
quired  to  produce  crops  as  machinery  became  more 
efficient.  Also  included  is  a  list  of  222  member  com¬ 
panies  of  the  Farm  Equipment  Institute. 

The  book  tells  of  ’*Rfty  Dark  Centuries — ^Then 
Light.”  It  quotes  a  former  Secretary  of  Agriculture: 
”Could  a  farmer  of  the  Pharaohs*  time  have  been  sud¬ 
denly  reincarnated  and  set  down  in  our  grandfathers’ 
wheat  fields,  he  could  have  picked  up  the  grain  cradle 
and  could  have  gone  to  work  with  a  familiar  to(^  at  a 
familiar  job.” 

Then,  in  a  little  more  than  a  hundred  years,  a  miracle 
changed  agriculture  from  the  age  of  homespun  to  the 
age  of  power — from  self-sufficient,  produce-for-yourself 
type  of  farming  to  a  commercial  operatiim  where  each 
agricultural  worker  grows  enough  food  and  fiber  to 
suppm-t  fifteen  persons.  ’’From  Flail  to  Freedom”  is  a 
chapter  that  traces  harvesting  from  the  sickle,  at  least 
1500  B.C.,  to  the  modem  achievement  of  mechanical 
cotton  harvesting.  **A11  Flesh  Is  Grass”  outlines  step- 
by-step  developments  in  hay  and  forage  machinery, 
which  only  in  recent  years  began  to  remove  the  pitchfork 
and  com  bundle  labor  from  the  backs  of  men. 

’Tand  of  Plenty”  is  more  than  a  history  book.  It 
explains  the  continuing  difference  between  the  United 
States,  land  of  abundance,  and  the  rest  of  the  world 
where  more  than  a  billion  humans  never  get  enough 
food  for  health — and  only  three  out  of  ten  can  be  con¬ 
sidered  well  fed. 

Why  is  the  United  States  favored?  In  terms  of  land 
per  persem,  the  book  tells  us  we  are  only  average,  and 
our  peculation  is  increasing  rapidly.  The  answer  is 
explained  in  this  action  story  of  free  competition — the 
tangible  results  of  American  freedom. 
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More  and  more  farmers  are  switching 
to  Firestone  Champion  Open  Center 
Tires  —  and  glad  of  it!  They  find  that  the 
bars  take  a  sharper  bite  because  they’re 
tapered,  take  a  stronger  hold  because  they're 
curved.  And,  because  the  tread  of  this  tire 
is  wider  and  flatter,  it  has  more  bar  rubber 
to  grip  the  soil  for  extra  traction,  more  bar 
rubber  to  stand  up  on  the  road  for  extra 
traction  life. 

Try  a  set  of  Firestone  Champion  Open 
Centers  on  your  tractor.  Or,  if  you  prefer 
Firestone  Champion  Traction  Center  Tires  for 
your  soil  conditions,  you  can  get  them,  too. 
Only  Firestone  offers  you  a  choice  between 
the  most  advanced  Open  Center  and  the  one 
and  only  Traction  Center  Tire  on  the  market 
today. 


Always  Buy  Tires  Built  By  FIRESTONE,  Originator 
of  the  First  Practical  Pneumatic  Tractor  Tire 


1-f 


*1  farm  210  acres  of  black  loam,  aod  for  the  kind  oi 
soil  coodicions  1  have.  1  like  these  Firestone  Champions 
best.  When  the  around  is  hard,  they  bite  in  and  take  a 
good  hold  —  and  when  it’s  soft,  th^  take  me  through 
where  other  tires  hang  up.” 

W.  E.  WEDBMBYEK,  DONAHUB,  lOWA. 


Eitfoy  tb*  Voict  of  Krostomo  on  rodio  or  tolorision  orory  Hondny  oroning  ooor  SBC 
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THE  CONSERVATION  OF  GROUND  WATER. 

By  Harold  E.  Thomas.  McGraw-Hill  Book  Co.,  Inc., 

Nrw  York,  Toronto,  London.  1951.  327  pages  $5S)0. 

Mr.  Thomas  has  done  a  very  exhaustive  and  thorough 
investigation  and  b  to  be  commended  <mi  the  quality 
of  hb  contributions.  Especially  ctmsidering  the  sketchy 
nature  of  available  knowledge  and  basic  data  on  ground 
water,  he  has  presented  a  well-documented  picture  of 
ground-water  problems  throughout  the  United  States, 
with  numerous  illustratimis  of  special  cases.  These 
illustrations  will  be  useful  to  students  of  water  re¬ 
sources,  as  a  convenient  source  of  summarized  informa- 
tion  on  the  kinds  and  extent  of  ground-water  problems. 

In  hb  introduction  the  author  has  dime  a  masterful 
job  of  summarizing  the  principles  and  problems  asso¬ 
ciated  with  the  ground-water  resource — in  fact,  the  in¬ 
troduction  gives  an  excellent  thumbnail  sketch  of  the 
book  as  a  whole.  As  an  example,  Mr.  Thomas  classi¬ 
fies  the  major  problems  of  ground-water  management 
in  three  categories,  which  form  the  backbone  of  later 
analyses  in  the  text: 

^Some  problems  pertain  to  entire  ground-water  res¬ 
ervoirs,  where  the  rate  of  replenishment  is  inadequate 
to  meet  the  continuing  demand.  In  this  report  these 
are  classified  as  reservior  problems.  The  second  type, 
classed  here  as  pipeline  problems,  arises  because  of  the 
hudfility  of  water  to  move  rapidly  enough  through 
earth  materials  to  supply  the  demand  of  wells,  even 
though  the  ground-water  reservoir  as  a  whole  may  have 
an  adequate  supply  of  water.  The  third  type  occurs 
along  watercourses,  where  there  is  an  intimate  relation 
between  the  water  in  the  stream  and  that  pumped  from 
wells.  These  are  the  watercourse  problems.”  {Intro¬ 
duction,  page  4) 

To  die  fmrster  or  soil  ccxiservatiixibt,  the  most  in¬ 
teresting  dbcussimis  in  the  book  have  to  do  with 
**ground-water  problems  resulting  f rmn  land  occupancy.” 
Mr.  Thomas  has  made  a  carefully  thought-through 
appraisal  of  our  current  knowledge  on  the  effects  of 
land  use  and  misuse  (»i  ground-water  resources.  Even 
so,  he  b  left  urithout  a  clear  case:  largely  because  com¬ 
plete  evidence  on  these  effects  has  not  yet  been  built 
up  in  the  United  States.  In  order  to  document  hb  db- 
cussions  more  adequately,  the  author  might  have  been 
rewarded  by  a  search  into  Eurc^an  literature  on  the 
realization  of  water  to  land  use.  Much  of  this  knowl¬ 
edge  b  summarized  in  Zon*s  *Torests  and  Water  in  the 
Light  of  Scientific  Investigation.” 

At  various  times  over  the  years  of  argument  regard¬ 
ing  the  effects  of  human  occupancy  on  water  resources 
and  s(^  erosion,  comparisons  have  been  made  between 
^accelerated”  and  ''geiJogic”  rates  of  erosion.  While 
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Hmt7,  no-let-up  jobs  like  this  flow  smooflily  e^en 
you  hays  an  Oliver  engine  to  “poor  on”  the  power! 

For  an  Oliver  power  unit  is  ruggedly  built— made 
strong  vdiere  strength  counts  most.  I^s  dependable 
and  efficient  because  it  has  the  heart  of  flie  hunous 
Oliver  tractor  engine — ^packed  with  such  field-proved 
advancements  as  controlled  pressure  lubrication, 
vahre-in-head  design,  removable  wet  sleeves,  by¬ 
pass  cooling  system  and  precision-^rpe  bearings. 

These  modem  engine  features  are  combined  with 
special  units  fluit  make  an  Oliver  power  plant 
adaptable  to  a  wide  variety  of  full-load  duties — 
close  regulation  governor  wifli  a  two-lever  control, 
and  a  shock-mounted  instrument  panel,  for  example. 


Oliver  units  are  available  in  types  for  flie  fuel  most 
economical  for  you  to  use— a  hi|^  compresskm  engine 
for  gasoline  or  LP-gas,  and  a  simple,  easy  starting 
dieseL  To  fit  your  power  needs,  engines  in  three 
classes  are  available — a  4-c]rlinder  “166”  with  a 
maximum  of  31  horsepower  ...  a  6-cjiinder  “177** 
developing  up  to  48.5  horsepower. . .  and  a  6-c]dinder 
“188**  with  a  top  of  58  horsepower.  For  eager,  per¬ 
sistent  power  ...  for  stsmina  and  long  life,  get  an 
Oliver  unit!  The  OLIVER  Corporation,  400  West 
Madison  Street,  Chicago  6,  Illinois. 

9  OLIVER 
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Mr.  Thomas  is  unbiased  in  his  appraisal  of  these  rela¬ 
tive  effects,  some  of  his  statements  deserve  further  ccmi- 

ment.  On  page  183,  foe  example,  is  a  comment  on  con¬ 
ditions  in  the  Wasatch  Mountains  of  Utah:  ^Recent 

getJogic  studies  have  shown,  however,  that  geologic, 
topographic,  and  climatic  conditions  were  favorable 
for  such  flows  Icmg  before  man  appeared  on  the  scene.” 
Of  course  aggradation  and  degradation  have  been  gtwg 

on  throughout  geologic  history.  But  civilized  man  is 

fortunate  that  he  does  not  have  to  attempt  the  main¬ 
tenance  of  his  culture  in  the  environment  of  floods  and 
erosion  that  existed  in  the  post-glacial  period.  Right 
now,  judging  from  the  development  of  soil  mantles,  we 
are  occupying  a  quiescent  moment  in  the  earth’s  history 
— although  we  are  domg  our  best  to  upset  the  equilib¬ 
rium  through  our  own  efforts. 

In  Chapters  five  and  six  the  author  draws  a  skillful 
picture  of  the  Nation’s  large  and  constantly  increasing 
demands  for  water.  He  suggests  the  role  that  ground- 
water  resources  may  occupy  in  meeting  future  demands, 
and  then  outlines  the  necessary  steps  which  must  be 
taken  to  achieve  better  ground-water  management. 
These  discussimis  are  weakened  by  a  lack  of  focus  on 
important  recommendations,  and  by  the  intermixing  of 
problems  with  necessary  programs  of  development.  Legal 
problems,  for  example,  might  well  have  deserved  a 
separate  chapter,  with  more  voluminous  attention  than 
could  be  devoted  to  them  as  an  incidental  feature  of 
’Tuture  Needs.” 

In  Dr.  Wolman’s  chapter  <mi  "Better  Ground  Water 
Management,”  he  summarizes  the  three  major  elements 
of  good  management.  These  are: 

1.  A  management  program  which  will  control  with¬ 
drawals  of  water,  so  that  ^a  water  budget,  bal¬ 
anced  on  the  basis  of  long-term  averages  rather 
than  annual  replenishment,  may  be  maintained/* 

2.  Natural  and  artificial  recharge  of  important 
ground-water  reservoirs.  This  will  include  con¬ 
trolled  recharge  by  manipulation  of  water  supplies, 
and  improved  programs  of  land  use  and  manage¬ 
ment  of  recharge  areas. 

3.  Importing  or  supplementing  by  other  means  water 
for  recharging  underground  reservoirs. 

As  Dr.  Wolman  comments,  "In  all  of  these  en¬ 
deavors  the  controlling  principles  are  clear  and  simple. 
The  practices  translating  such  principles  into  action  are 
complex  and  difficult.”  Thb  points  up  the  fact  that 
ground-water  management,  like  land  management,  in- 
v<Jves  complex  social  problems  whose  solution  requires 
adjustments  in  the  habits  and  environments  of  pe<^le, 
as  well  as  the  ^ysical  problems  which  (xily  call  for 
technical  skill  and  financial  expenditures. 

— H.  G.  WiLM,  Washington,  D.  C. 


DOWN  THE  RIVER.  Published  by  The  Son.  Consekva- 
TioN  Society  of  Amebica.  1016  Paramount  Building,  Des 
Moines,  Iowa.  16  pages.  1931.  10  cents. 

A  new  booklet  entitled,  "Down  the  River”  prepared 
by  the  Soil  Conservation  Society  of  America,  reveals 
in  graphic  form  the  devastating  losses  being  suffered 
by  the  nation  as  a  result  of  erosion  and  waste  by  our 
natural  resources.  It  vividly  describes  in  16  illustrated 

pages  the  destructive  action  of  uncontrolled  water,  and 

what  can  be  done  about  it.  Taking  account  of  the  dol¬ 
lar  cost  to  every  American  man,  woman,  and  child,  im¬ 
proper  land  management  and  wasted  resources  means 
higher  and  higher  prices  for  products  of  the  land  for 
all  of  US. 

"Down  the  River**  carefully  describes  what  has  been 
done,  and  what  can  be  done  to  halt  this  waste.  It  pre¬ 
sents  a  program  that  places  the  re^XMisibility  where  it 
belcmgs — on  each  of  us,  whether  we  live  in  the  city  or 
'  (Ml  the  farm. 


Soil  and  Water  Conservation  Glossary 

The  glossary  of  soil  and  water  conservation 
terms  which  appears  on  the  following  pages  is 
the  first  of  four  sections.  The  remaining  three 
sections  are  scheduled  to  appear  in  the  April, 
July,  and  September  issues  of  the  Journal, 

Reprints  of  each  section  of  the  glossary  are 
to  be  made  following  publication.  These  wHl 
be  found  in  book  form  and  made  avaUable  to 
members  of  the  society  and  other  interested 
persons. 


STATEMENT  OF  THE  OWNERSHIP,  MANAGEMENT,  AND  CIR¬ 
CULATION  REQUIRED  BY  THE  ACT  OP  CONGRESS  OP  AU¬ 
GUST  24,  1912,  AS  AMENDED  BY  THE  ACTS  OP  MARCH  8, 

1933,  AND  JULY  2,  1946  (39  U.S.C.  288) 

Of  JouBNAi.  OP  Soiu  AND  Watkki  Conwbvation,  publiihed  quarterly 
at  Baltimore,  Maryland,  for  October,  1951. 

1.  The  names  and  addresses  of  the  publisher,  editor,  manaring  edi¬ 
tor,  and  business  managers  are; 

Publisher,  Soil  Conservation  Society  of  America,  3110  Elm  Ave.,  Bal¬ 
timore  11,  Md. 

Editor,  Walter  C.  Gumbel,  Watson  Bldg.,  Fairmont,  W.  Va. 

Business  manager,  Alvin  C.  Watson. 

2.  Tlie  owner  is:  (if  owned  by  a  corporation,  its  name  and  address 
must  be  stated  and  also  immediately  thereunder  the  names  and  add-esses 
of  stockholders  owning  or  holding  one  percent  or  more  of  total  amount 
of  stock.  If  not  owned  by  a  corporation,  the  names  and  addresses  of  the 
individual  owners  must  be  given.  If  owned  by  a  partnership  or  other 
unincorporated  Arm,  its  name  and  address,  as  well  as  those  of  each 
individual  member,  must  be  given.) 

Soil  Conservation  Society  of  America,  Inc.  (no  stork  issued). 

3.  The  known  bondholders,  mortgagees,  and  other  security  holders 
owning  or  holding  1  percent  or  more  of  total  amount  of  bonds,  mort¬ 
gages,  or  other  securities  are:  None. 

4.  The  two  paragraphs  next  above,  giving  the  names  of  the  owners, 
stockholders,  and  security  holders,  if  any,  contain  not  only  the  list  of 
stockholders  and  security  holders  as  they  appear  upon  the  books  of  the 
company  but  also,  in  cases  where  the  stockholder  or  security  holder  ap¬ 
pears  upon  the  books  of  the  company  as  trustee  or  in  any  other  fiduciary 
relation,  the  name  of  the  person  or  corporation  for  whom  such  trustee 
is  acting,  is  given ;  also  that  the  said  two  paragraphs  contain  statements 
embracing  affiant's  full  knowledge  and  belief  as  to  the  circumstances 
and  conditions  under  which  stockholders  and  security  holders  who  do 
not  appear  upon  the  books  of  the  company  as  trustees,  hold  stock  and 
securities  in  a  capacity  other  than  that  of  a  bona  fide  owner;  and  this 
affiant  has  no  reason  to  believe  that  any  other  person,  association,  or 
corporation  has  any  interest  direct  or  indirect  in  the  said  stock,  bonds, 
or  other  securities  than  as  so  stated  by  him. 

John  Pebouson,  Sup.  Puhliikrr 

Sworn  to  and  subscribed  before  me  this  19th  day  of  November,  1951. 

Enos  Piurt: 

(My  commission  expires  5/4/53) 


SOIL  AND  WATER  CONSERVATION  GLOSSARY 

Prepared  by 

The  Soil  Conservation  Society  of  America 


This  glossary  consists  of  terms  used  in  the  field  of 
soil  and  water  conservation.  It  includes  terms  which 
belong  solely  to  this  field  of  science  and  a  limited 

number  from  closely  related  fields.  The  choice  of 
terms  from  the  related  fields  is  restricted  to  those 
having  special  importance  or  frequent  use  in  soil  and 
water  conservation  language. 

This  compilation  is  primarily  for  members  of  the 
Soil  Conservation  Society  of  America  and  others  who 
are  professionally  engaged  or  interested  in  land  use, 
soil  and  water  conservation  work.  It  should  be  useful 
as  a  reference  list  and  as  a  guide  in  usage  of  soil  and 
water  conservation  terminology. 

In  1946.  a  few  years  after  the  active  organization  of 
the  Soil  Conservation  Society  of  America,  the  Execu¬ 
tive  Council  recognized  the  need  for  an  up-to-date 
compilation  of  terms.  A  Glossary  Committee  was  ap¬ 
pointed  and  charged  with  the  responsibility  of  con¬ 
structing  a  glossary.  As  a  precedent  the  Soil  Conserva¬ 
tion  Service,  U.S.D.A.,  had  prepared  a  glossary  in 
mimeograph  form  in  1936.  This  was  primarily  for  use 
within  the  Service. 

The  Committee,  under  the  chairmanship  of  Mr. 
Edward  M.  Simmons  from  1946  to  1950,  began  its 
work  by  collecting  terms  and  definitions.  These  were 
tentatively  assembled  in  1947  and  again  in  1948.  The 
final  selection  and  editing  of  the  terms  was  done  in 
1951.  Each  member  of  the  1951  Committee  made  a 
critical  review  of  terms  in  the  phase  of  soil  conserva¬ 
tion  work  which  he  was  particularly  qualified  to  edit. 
Later  each  member  reviewed  the  complete  work. 

This  is  the  first  glossary  of  soil  and  water  conserva¬ 
tion  terms  published  by  the  Soil  Conservation  Society 
of  America.  A  revision  will  surely  be  needed  within 
a  few  years  to  bring  the  contents  up  to  date  and  to 
correct  any  fallacies  in  the  present  work.  The  ma¬ 
terial  in  this  glossary  was  assembled  with  care  by  con- 
.sulting  many  references  and  obtaining  many  verbal 
opinions.  Nevertheless,  omissions  and  incomplete  defi¬ 
nitions  are  apt  to  be  found — for  this  the  Committee 
asks  lenient  judgment  on  the  part  of  the  readers.  It 
also  asks  that  errors  and  omissions  be  brought  to  the 
attention  of  the  Glossary  Committee  or  the  secretarj’ 
of  the  Society.  This  will  help  in  making  a  revision. 

The  Committee  in  1951  set  these  standards  for  the 
contents  of  the  glossary: 

1.  Include  only  words  and  terms  which  specifically 
apply  or  are  closely  related  to  land  use,  soil  and 
water  conservation. 

2.  Include  a  minimum  of  highly  technical  terms 
from  other  specific  fields  of  science.  (The  aim 
was  to  include  the  scientific  terms  which  the 
average  soil  conservationist  needs  to  know  or 
is  likely  to  find  in  soil  and  water  conservation 
literature.  Technical  specialists  and  researchers 
will  find  this  glossary  useful,  but  in  addition 
they  will  have  to  turn  to  glossaries  and  texts  in 
other  fields  of  science.) 

3.  Define  terms  only  in  their  application  to  soil 


and  water  conservation.  (In  special  cases  a 
parenthesis  is  used  after  the  term  to  insert  the 
field  of  interest,  example  ABSORPTION  LOSS 

(Irrigation).  This  is  to  call  particular  attention 

to  the  use  of  a  term  in  a  special  field  or  phase  of 
soil  and  water  conservation  or  to  show  that  the 
term  is  defined  in  only  one  branch  or  field  of  in¬ 
terest. 

A  limited  amount  of  exposition  is  added  to  some 
of  the  definitions  to  give  a  more  complete  ex¬ 
planation  or  to  show  application  of  the  term.) 

As  indicated  above,  the  Committee  since  1946  made 
use  of  many  reference  books  and  other  publications  in 
the  course  of  its  work.  It  would  be  impossible  to  list 
all  the  sources  of  information  on  which  so  large  a 
part  of  this  glossary  is  grounded.  The  following  refer¬ 
ences,  however,  can  be  listed  as  particularly  useful : 
Agricultural  Geology,  F.  V.  Emerson.  Revised  by  J. 
E.  Smith. 

John  Wiley  &  Sons,  New  York,  N.  Y.,  1928 
Descriptive  Catalog  of  Conservation  Practices.  Mimeo¬ 
graph  No.  417a-41782.  Soil  Conservation  Serv¬ 
ice,  U.S.  Dept.  Agriculture 
Dictionary  of  Geological  Terms.  C.  M.  Rice 
Edwards  Brothers,  Ann  Arbor,  Mich.,  1940 
Elements  of  Soil  Conservation.  H.  H.  Bennett 
McGraw-Hill  Book  Co.,  New  York,  N.  Y. 
Engineering  Terminology.  Brown  and  Runner 
Gillette  Publishing  Co.,  Chicago,  Ill.,  1939 
Feeds  and  Feeding,  Abridged.  F.  B.  Morrison 
The  Morrison  Publishing  Co.,  Ithaca,  N.  Y.,  1949 
Forest  Terminology 

Society  of  American  Foresters,  Washington,  D.  C., 
1950 

Fundamentals  of  Soil  Science.  Millar  and  Turk 
John  Wiley  &  Sons,  New  York,  N.  Y.,  1951 
Glossary  of  Terms  used  in  Soil  Conservation.  Mimeo¬ 
graph,  Soil  Conservation  Service,  U.S.  Dept.  Ag¬ 
riculture,  1936 

Hydrology  Handbook,  Manual  of  Engineering  Prac¬ 
tices  No.  28 

American  Society  of  Civil  Engineers,  New  York,  N. 
Y.,  1949 

Plant  Ecology.  W.  B.  McDougall 
H.  Kempton,  London,  1949 
Plant  Ecology.  Weaver  and  Clements 
McGraw-Hill  Book  Co.,  New  York,  N.  Y.,  1938 
Range  Conservation  Glossary,  Mimeograph,  Soil  Con¬ 
servation  Service,  U.S.  Dept.  Agriculture,  1944 
Soil  Conservation.  H.  H.  Bennett 
McGraw-Hill  Book  Co.,  New  York,  N,  Y. 

Soils  and  Men 

Yearbook  of  Agriculture,  U.S.  Dept.  Agriculture 
Supt.  of  Documents,  U.S.  Government  Printing 
Office,  1938 

Technical  Guide  for  the  Management  of  Soils,  Field 
Crops  and  Pastures  in  Minnesota.  Mimeograph, 
1946 

Soil  Conservation  Service,  U.S.  Dept.  Agriculture 
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Weather  Glossary — 1945 
Weather  Bureau,  U.S.  Dept.  Commerce 
Supt.  of  Documents,  U.S.  Government  Printing  Of¬ 
fice,  1946 

The  Committee  gratefully  acknowledges  the  infor¬ 
mation  obtained  from  these  publications  and  any 
others  used  in  the  search  for  authentic  material. 

In  the  five  years  since  1946  numerous  members  of 
the  Society  and  some  others  spent  many  hours  of  work 
selecting  and  preparing  material.  The  names  of  all 
contributors  are  not  known,  but  it  is  appropriate  to 
list  here  the  men  who  gave  help  by  serving  on  the 
Glossary  Committee  for  a  year  or  more  at  some  time 
prior  to  1951,  namely,  W.  A.  Rockie,  B.  W.  Allred, 
E.  A.  Norton,  L.  A.  Hawkins,  R.  W.  Musser,  A.  M. 
Hedge,  D.  A.  Dobkins,  Phillip  Allan,  F.  A.  Fisher, 
Paul  Tabor,  F.  E.  Bear.  C.  W.  Domby,  H.  H.  Kruse- 
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these  men  and  all  others  who  helped  in  any  way  with 
the  development  of  this  glossary. 
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A 

Absorption  Loss  (Irrigation) — The  initial  loss  of  wa¬ 
ter  from  a  canal  or  reservoir  by  capillary  action 
and  percolation  at  the  time  water  is  first  turned 
into  the  structure. 

Accelerated  Erosion — Erosion  of  soil  material  at  a 
rate  greater  than  that  of  normal  erosion.  Erosion 
more  rapid  than  that  which  existed  under  natural 
conditions.  Accelerated  erosion  occurs  as  a  re¬ 
sult  of  destruction  of  vegetal  cover  or  of  some 
activity  of  man.  It  may  consist  of  any  of  the 
recognized  types  of  erosion  such  as  sheet  erosion, 
rill  erosion,  gully  erosion,  w’ind  erosion,  or  land¬ 
slides,  or  combinations  of  them. 

Acid  Soil — A  *‘sour”  soil,  containing  more  hydro¬ 
gen  than  hydroxyl  ions.  Precisely,  a  soil  with  a 
pH  of  less  than  7.0.  For  practical  purposes,  a  soil 
with  a  pH  below  6.6. 

Acre-foot— The  quantity  of  water,  soil  or  other 
material  that  will  cover  one  acre  one  foot  deep. 

Acre-inch — The  quantity  of  water,  soil  or  other  ma¬ 
terial  that  will  cover  one  acre  one  inch  deep. 

Adobe — A  fine  calcareous  clay  or  silt  of  aeolian,  or 
wind-blowm,  origin.  Sometimes  puddled,  molded 
and  dried  to  make  adobe  bricks  used  in  construc¬ 
tion. 

Aeolian  (eolian)  Soil  Material — Parent  material  of 
soil  accumulated  through  wind  action.  Commonly 
refers  to  sandy  material  usually  in  dunes. 

Aeration,  Soil  —  The  process  by  which  air  and 
other  gases  in  the  soil  are  renewed.  The  rate  of 
soil  aeration  depends  largely  on  the  size  and  num¬ 
ber  of  soil  pores  and  on  the  amount  of  water  clog¬ 
ging  the  pores.  A  soil  with  many  large  pores  open 
to  permit  rapid  aeration  is  said  to  be  well  aerated. 
\vhile  a  poorly  aerated  soil  either  has  few’  large 
pores  or  has  most  of  those  present  blocked  by 
water. 

Aerial  Photograph — A  photograph  taken  from  the 
air.  Vertical  photographs,  taken  wnth  the  camera 
pointed  directly  downward,  are  u.sed  widely  for 
mapping  land  conditions  and  land  use,  and  for 
many  other  purposes.  Oblique  photographs,  taken 
with  the  camera  pointed  at  an  angle  from  the 


vertical,  are  used  for  some  purposes.  Multiple-lens 
cameras  make  a  vertical  exposure  and  two  or  more 
oblique  exposures  at  the  same  instant.  An  aerial 
photograph  differs  from  a  map,  because  on  a  pho¬ 
tograph  each  gronnd  point  other  than  the  center  is 
displaced  from  its  true  position  because  of  the 
relief  of  the  ground.  The  science  or  art  of  ob¬ 
taining  surveys  (and  hence  maps)  from  photogra¬ 
phy  is  called  Photogrammetry . 

Aftermath — The  regrow’th  of  forage  crops  after 
harvesting. 

Aggradation — The  building  up  of  any  portion 
of  the  earth’s  surface  toward  a  uniformity  of  grade 
or  slope  by  the  addition  of  material ;  especially  the 
deposition  of  sediment  in  the  beds  of  streams,  and 
on  the  floors  of  bodies  of  standing  water. 

Aggregation,  Soil — The  tight  cementation  or  bind¬ 
ing  together  of  a  number  of  individual  soil 
particles  into  a  secondary  unit,  aggregate  or 
granule.  The  water-stable  aggregates,  which  will 
not  disintegrate  easily  are  of  special  importance  to 
soil  structure. 

Agronomic  Practices — The  methods  used  in  the 
production,  processing  and  use  of  farm  crops, 
such  as  selecting  seed,  seed  bed  preparation,  fer¬ 
tilizing,  liming,  manuring,  seeding,  cultivation, 
harvesting,  curing,  crop  sequence,  crop  rotations, 
cover  crops,  strip  cropping,  pasture  development, 
etc. 

Alkali  Soil — A  soil  that  has  so  high  a  degree  of  alka¬ 
linity.  or  so  high  a  percentage  of  exchangeable  so¬ 
dium.  or  both,  that  the  growth  of  most  crop  plants 
is  reduced.  This  is  true  if  the  pH  is  8.5  or  higher, 
or  if  the  percentage  of  exchangeable  sodium  is  15 
per  cent  or  more.  The  soil  is  highly  dispersed  so 
that  air  and  water  movement  is  very  slow’.  In  popu¬ 
lar  usa"e.  saline  soils  have  often  been  called  ‘  ‘  white 
alkali.”  True  alkali  soils,  because  of  dispersion  of 
the  organic  matter,  have  been  called  “black  alkali.” 
Contrast  with  Saline  Soil. 

Alkaline  Soil — A  non-acid  soil  which  contains  more 
hydroxyl  ions  than  hydrogen  ions.  Precisely,  a  soil 
having  a  pH  above  7.0 ;  for  practical  purposes,  with 
a  pH  above  about  7.3.  Not  to  be  confused  with 
“alkali  soil.” 
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Alluvial  Fan — A  fan-shaped  deposit  of  sand,  gravel 
and  fine  material  dropped  by  a  stream  where  its 
gradient  lessens  abruptly.  Alluvial  fans  range  in 
size  from  very  small  deposits  formed  at  the  base  of 
a  small  cliff  after  one  rain  to  large  areas  containing 
many  square  miles  at  the  base  of  a  mountain  range. 

Alluvial  Soil — Soil  developed  from  transported  and 
relatively  recently  deposited  material  (alluvium) 
characterized  by  little  or  no  modification  of  the 
original  material  by  soil-forming  processes. 

Alluvium — Sediments,  usually  fine  materials,  de¬ 
posited  on  land  by  a  stream. 

Anchor-ice — Ice  that  forms  on  the  bed  of  a  stream. 

Angle  of  Repose— The  maximum  slope  or  angle 
at  which  a  material  such  as  soil  or  loose  rock  re¬ 
mains  stable.  When  exceeded,  mass  movement  by 
slipping  as  well  as  by  water  erosion  may  be  ex¬ 
pected.  Syn.  Critical  Slope. 

Animal  Unit — A  measure  of  livestock  numbers  by 
which  kinds,  classes,  sizes,  and  ages  are  converted 
to  an  approximate  common  standard  in  relation  to 
feed  and  forage  resources  based  on  the  equivalent 
of  a  mature  cow  (approximately  1,000  lbs.  live 
weight).  In  western  range  territory,  an  animal 
unit  is  roughly  one  head  of  cattle,  one  horse,  one 
mule,  five  sheep,  five  swine,  or  five  goats — a  suit¬ 
able  average  of  the  generally  lower  ratio  between 
these  kinds  of  livestock  on  the  range  and  the  high¬ 
er  ratio  in  the  feed  lot. 

Animal  Unit  Month — A  measure  of  forage  or  feed 
requirement  to  maintain  one  animal  unit  for  a 
period  of  30  days.  Abbr.  A.  U.  M. 

Annual  Plant — A  plant  which  completes  its  life 
cycle  and  dies  in  one  year  or  less.  A  ‘‘summer  an¬ 
nual”  is  a  plant  from  spring-sown  or  summer-sown 
seed  which  matures  before  winter.  A  “winter  an¬ 
nual”  is  a  plant  from  autumn-sown  seed  which 
blooms  and  fruits  the  following  spring.  Contrast 
with  Biennial  Plant;  Perennial  Plant. 

Antecedent  Moisture — The  degree  of  wetness  of  tlie 
soil  at  the  beginning  of  a  runoff  period,  frequently 
expressed  as  an  index  determined  by  summation  of 
weighted  daily  rainfalls  for  a  10-  to  20-day  period 
preceding  the  runoff  in  question. 

Apron — A  floor  or  lining  of  material  like  concrete  or 
timber  to  protect  a  surface  from  erosion ;  examples, 
the  pavement  below  chutes,  spillways,  or  at  the  toes 
of  dams. 

Appropriated  Rights  (Water) — See  Water  Rights. 

Aqueduct — A  conduit  for  water,  which  may  consist 
of  a  canal,  pipe  or  tunnel  or  combination  of  them. 

Aquifer  —  A  porous  soil  or  geological  formation 
which  yields  ground  water  to  wells  and  springs. 

Arched  Dam — A  curved  dam,  convex  up  stream, 
that  depends  largely  upon  arch  action  for  its  sta¬ 
bility.  The  load  is  transmitted  by  the  arch  to  the 
canyon  walls,  or  other  abutments. 

Area  Curve  (Hydraulics)  —  A  graph  of  the  cross- 
section,  surface  or  other  area  of  a  stream,  channel, 
water  surface  or  structure  as  a  function  of  eleva¬ 
tions. 

Arid — A  term  applied  to  regions  or  climates  which 


lack  sufficient  moisture  for  crop  production  with¬ 
out  irrigation.  The  limits  of  precipitation  vary 
considerably  according  to  temperature  conditions 
with  an  upper  limit  for  cool  regions  of  10  inches 
or  less  and  for  tropical  regions  as  much  as  15  to 
20  inches.  Contrast  with  Semiarid. 

Arroyo — Channel  or  gully  in  an  arid  country,  usu¬ 
ally  with  high  steep  banks,  dry  much  of  the  time 
because  of  infrequent  rainfall  and  not  cut  deeply 
enough  to  reach  the  level  of  permanent  ground 
water. 

Artesian  Water — Water  confined  under  enough  pres¬ 
sure  to  cause  it  to  rise  above  the  level  where  it  is 
encountered  in  drilling.  Flowing  artesian  wells  are 
produced  when  the  pressure  is  sufficient  to  force  the 
water  above  the  land  surface. 

Available  Moisture — See  Capillary  Water;  Field 
Capacity;  Gravitational  Water;  Hygroscopic  Wa¬ 
ter. 

Available  Water  Holding  Capacity  (Soils) — The 

available  water  holding  capacity  in  surface  inches 
of  water  per  inch  depth  of  soil  is  equal  to  the 
difference  between  the  percentage  of  water  at 
field  capacity  and  the  percentage  of  water  at  wilt¬ 
ing  point,  times  the  volume  weight,  divided  by  one 
hundred. 

B 

Backfire — In  forestry,  a  fire  started  intentionally 
ahead  of  an  advancing  fire  to  remove  inflammable 
material  by  controlled  burning  and  thus  stop  or 
control  the  main  fire. 

Bacteria — A  large  group  of  unicellular  microscopic 
organisms  widely  distributed  in  air,  water,  soil, 
the  bodies  of  living  animals  and  plants,  and 
dead  organic  matter.  Most  bacteria  are  either 
parasitic  or  saprophytic.  Bacteria  may  cause  dis- 
ea.ses  of  plants  and  animals,  fix  free  nitrogen  from 
the  air  and  cause  decay  of  organic  matter. 

Badlands — Areas  of  rough,  irregular,  denuded  land 
on  which  most  of  the  surface  is  occupied  by  ridges, 
gullies  and  deep  channels. 

Bs^e-Pier — An  obstruction  set  in  the  path  of  high- 
velocity  water,  such  as  a  pier  on  the  apron  of  an 
overflow  dam,  to  dissipate  energy  and  prevent 
scour. 

Baffles — A  set  of  vanes,  guides,  grating,  or  simi¬ 
lar  device  placed  in  a  conduit  to  check  eddy  cur¬ 
rents  below  them,  and  provide  a  more  uniform  dis¬ 
tribution  of  velocities. 

Band — Any  number  of  sheep  or  goats  handled  as  a 
single  unit  under  range  conditions;  usually  con¬ 
sidered  as  svnonymous  with  Herd. 

Band  Day — The  amount  of  forage  required  to  sup¬ 
port  a  given  band  of  sheep  or  goats  for  one  day. 

Bs^  Storage — Water  absorbed  by  the  bed  and 
banks  of  a  stream  and  returned  in  whole  or  in  part 
as  the  ground-water  level  falls. 

Basal  Area  (Range  Management) — The  area  of 
ground  surface  covered  by  the  stem  or  stems  of  a 
range  plant,  usually  measured  one  inch  above  the 
soil  in  contrast  to  the  full  spread  of  the  fol’age. 

Base  Exchange  Capacity — A  measure  of  the  adsorp¬ 
tive  capacity  of  a  soil  for  bases  or  the  amount  of 
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bases  which  can  be  absorbed  by  a  given  amount  of 
soil,  expressed  in  terms  of  milliequivalents  of  mon¬ 
ovalent  cation  adsorbed  from  a  neutral  solution  by 
100  grams  of  soil.  Generally  speaking,  a  soil  with 
a  fairly  high  exchange  capacity  is  preferred  to  one 
with  a  low  exchange  capacity  because  it  will  re¬ 
tain  more  plant  nutrients  and  be  less  subject  to 
leaching.  Also  called  Exchange  Capacity. 

Ba«e  Flow — Stream  flow  derived  from  subterranean 
storage  in  contrast  to  flow  from  surface  runoff. 

Basin  Irrigation — A  method  of  irrigation  in  which  a 
level  area  is  surrounded  by  an  earth  ridge  to  form 
a  pool  when  water  is  applied. 

Basin  Listing — See  Lister. 

Bear-Trap  Uam — An  obstruction  built  of  hinged 
leaves  that  are  raised  and  held  up  by  the  pressure 
of  water  admitted  to  the  inside.  The  dam  is  low¬ 
ered  by  draining  the  interior. 

Bed  Load — Soil,  rock  particles  or  other  debris  rolled 
along  the  bottom  of  a  stream  by  the  moving  water, 
as  contrasted  with  the  “silt  load”  carried  in  sus¬ 
pension. 

Bedding,  Land — ^Plowing,  grading  or  otherwise 
elevating  the  surface  of  fields  into  a  series  of 
parallel  beds  or  “lands”  with  shallow  surface 
drains  separating  them. 

Belanger  (Hydraulics) — See  Critical  Depth;  Critical 
Velocity. 

Bench  Flnme — A  conduit  on  a  bench  cut  or  con¬ 
structed  on  sloping  ground. 

Bench  Hark — A  point  of  reference  in  elavation  sur¬ 
veys. 

Bench  Terrace — A  shelf-like  embankment  of  earth 
with  a  level  or  nearly  level  top  and  a  steep  or  ver¬ 
tical  downhill  face,  constructed  along  the  contour 
of  sloping  land  to  control  run-off  and  erosion. 
Types  of  the  bench  terrace  are  the  horizontal 
bench  terrace,  which  has  no  measurable  slope  from 
the  back  to  the  front  of  the  bench,  and  the  sloping 
bench  terrace,  which  has  a  signficant  slope  from 
the  back  to  the  front  of  the  bench.  Contrast  with 
Ridge  Terrace. 

Bentonite — A  colloidal  clay  substance  with  an  ex¬ 
tremely  high  swelling  property  when  moistened. 
It  is  used  for  sealing  reservoirs  and  ponds.  It  has 
no  appreciable  structural  strength,  hence  must  be 
used  together  with  sand  or  soil  to  support  a  large 
head  of  water. 

Biennial  Plant — A  plant  which  requires  two  years  to 
complete  its  life  cycle.  Biennials  grow  from  seed 
in  the  spring,  remain  vegetative  (often  in  a 
rosette)  the  first  year  and  live  through  the  winter. 
The  second  year  they  produce  seeds,  mature  and 
die.  Some  short-lived  perennials  such  as  red  clover 
are  often  erroneously  called  biennials.  Contrast 
with  Annual  Plant;  Perennial  Plant. 

Bifurcation  Gate — A  structure  that  divides  the  flow 
between  two  conduits. 

Biotic  Influence — The  influence  of  animals  and 
plants  on  as.sociated  plant  or  animal  life  as  con¬ 
trasted  with  climatic  influences  and  edaphic  (soil) 
influences. 

Biotypo— The  most  homogeneous  population  en¬ 


countered  in  nature,  made  up  of  individuals  with 
identical  genetic  composition  and  heredity. 

Blowout  (Erosion) — An  excavation  in  areas  of  loose 
soil,  usually  sand,  produced  by  wind  action. 

Board  Foot — The  amount  of  wood  in  a  board  one 
foot  wide,  one  foot  long,  and  one  inch  thick;  144 
cubic  inches,  or  1/12  cubic  foot. 

Border — See  Wildlife  Border. 

Border  Dikes — Earth  ridges  built  to  hold  irrigation 
water  within  prescribed  limits  within  a  field. 

Border  Irrigation — An  open  field  method  of  flood  ir¬ 
rigation  between  border  dikes. 

Border  Strip — An  area  surrounding  and  treated  the 
same  as  a  sample  plot.  Sometimes  referred  to  as 
Isolation  Strip. 

Bottomland — See  Flood  Plain 

Broad  Base  Terrace — A  ridge  type  terrace  10  to  20 
inches  high,  and  15  to  30  feet  wide  with  gently 
sloping  sides,  a  rounded  crown,  and  a  dish  shaped 
channel  along  the  upper  side,  constructed  to  con¬ 
trol  erosion  by  diverting  run-off  along  the  contour 
at  a  non-scouring  velocity.  It  may  be  level  or  have 
a  grade  toward  one  or  both  ends.  See  Ridge  Ter¬ 
race. 

Broadcast  Seeding — Scattering  seed  on  the  surface 
of  the  soil  as  contrasted  to  drill  seeding  which 
places  the  seed  in  rows  in  the  soil. 

Broad-Orested  Weir — An  overflow  structure  on 
which  the  nappe  is  supported  for  an  appreciable 
length  in  the  direction  of  the  stream. 

Browse — Twigs  or  shoots,  with  or  without  attached 
leaves,  or  shrubs,  trees,  or  woody  vines  available 
as  forage  for  livestock  and  wild  animals. 

Browsing  Line—  A  line  marking  the  height  to  which 
browsing  animals  have  removed  the  foliage  from 
shrubs  and  trees. 

Brush  Hatting — (1)  A  matting  of  branches  placed 
on  badly  eroded  land  to  conserve  moisture  and 
reduce  erosion  while  trees  or  other  vegetative 
cover  is  being  established.  (2)  A  matting  of  mesh 
wire  and  brush  used  to  retard  streambank  erosion. 

Brush  Pasture — ^Pastures  with  a  natural  cover  of 
trees  and  shrubs,  where  a  considerable  portion  of 
the  food  obtained  by  livestock  comes  from  brows¬ 
ing  woody  plants. 

Buffer  Species  (Wildlife) — Any  animal  or  plant 
which  may  serve  as  an  alternative  food  and  thus 
reduce  pressure  on  specific  food  items. 

Buffer  Strips — Contour  strips  of  grass  or  other  ero¬ 
sion-resisting  vegetation  between  or  below  culti¬ 
vated  strips  or  fields. 

Buffer  Zone  (Range) — A  publicily  owned  range  area 
adjoining  certain  privately  owned  range  land, 
which  may  be  used  to  supplement  the  range  on  the 
private  land. 

Bunch  Grass — A  grass  which  has  a  characteristic 
habit  of  growing  in  tufts  or  bunches.  Examples 
are  orchard  grass,  bluestem  and  Dallis  grass.  Con¬ 
trast  with  Sod  Grass. 

0 

Calcareous  Soil — Soil  containing  sufficient  calcium 
carbonate  or  calcium  carbonate  with  magnesium 
carbonate  to  effervesce  visibly  when  treated  with 
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hydrochloric  acid.  If  the  content  of  magnesium 
carbonate  is  high  effervescence  may  be  slow  to 
start. 

Oanal,  Main  Irrigation  —  The  channel  or  conduit 
which  conveys  water  from  the  point  of  diversion 
or  storage  reservoir  to  a  group  of  irrigated  farms 
or  to  lateral  or  branch  canals.  The  term  also  ap¬ 
plies  to  canals  conveying  water  from  a  stream  to 
an  off-channel  storage  reservoir.  Also  known  as 
Feed  or  Storage  Canal. 

Canopy — The  cover  of  leaves  and  branches  formed 
by  the  tops  or  crowns  of  trees  or  other  plants.  Its 
density  is  ordinarily  expressed  as  the  percentage  of 
the  ground  that  would  be  completely  shaded  if  the 
sun  were  directly  overhead. 

Capability,  Land — See  Land  Capability. 

Capacity  Curve — (1)  A  graph  of  the  volume  of  a 
structure  such  as  a  reservoir  or  tank  as  a  function 
of  elevations.  (2)  A  graph  of  the  capacity  rate  of 
flow  in  a  pipe  or  conduit  or  through  porous  mate¬ 
rial. 

Capacity  Formula  (Hydraulics)— K  formula  used  to 
calculate  the  capacity  or  discharge  “Q”  of  a  chan¬ 
nel. 

.  Q  = » V, 

where  Q  is  in  cubic  feet  per  second,  a  is  the  cross- 
sectional  area  of  the  channel  in  square  feet,  and  V 
is  the  mean  velocity  of  flow  in  feet  per  second.  (To 
calculate  V,  see  Manning  Formula).  , 

Capillary  Water  (Soils) — The  portion  of  soil  water 
which  is  held  by  cohesion  as  a  continuous  film 
around  the  particles  and  in  the  capillary  spaces. 
Most  of  this  water  is  available  to  plants. 

Carrying  Capacity — See  Grazing  Capacity. 

Carrying  Capacity  (Wildlife) — The  maximum  num¬ 
ber  of  a  given  wildlife  species  which  any  given  ter¬ 
ritory  will  support  through  the  most  critical  period 
of  the  year. 

Catch  Crop — A  crop  produced  incidental  to  the  main 
crop  of  the  farm  and  usually  occupying  the  land 
for  a  short  period;  also  a  crop  grown  to  replace  a 
main  crop  which  has  failed. 

Catena,  Soil — A  group  of  soils  within  a  soil  zonal  re¬ 
gion  developed  from  similar  parent  material  but 
differing  in  drainage  or  relief.  From  the  Latin  for 
chain. 

Centrifugal  Pump  —  A  water-lifting  device  that 
utilizes  the  centrifugal  force  imparted  to  the  water 
by  a  rapidly  rotating  impeller.  It  is  essentially  a 
reversed  inward-flow  turbine,  the  water  being  ad¬ 
mitted  to  the  center  of  the  runner  and  discharged 
at  its  outer  periphery.  It  is  not  a  positive  action 
or  displacement  pump. 

Channel — That  part  of  a  natural  stream  where  water 
normally  flows  or  an  excavated  ditch  for  the  flow 
of  water. 

Channel  Improvement — The  improvement  of  the  hy¬ 
draulic  flow  characteristics  of  a  natural  or  artificial 
channel  by  clearing,  excavation,  or  other  means  in 
order  to  increase  its  carrying  capacity.  Sometimes 
used  to  describe  the  process  of  preventing  channel 
erosion. 

Chaparral — A  dense  scrub  stand,  usually  a  perma¬ 


nent  type,  dominated  by  evergreen  shrubs  or  dwarf 
trees  such  as  scrub  oak  and  buckbrush. 

Cheek  (Hydraulics)— A  structure  designed  to  raise 
or  control  the  water  surface  in  a  channel  or  ditch. 

Check  Dam — A  small,  low  dam  constructed  in  a  gul¬ 
ly  or  other  watercourse  to  decrease  the  velocity  of 
stream  flow,  for  minimizing  channel  scour  and  pro¬ 
moting  the  deposition  of  eroded  material.  Usually 
built  of  inexpensive  and  temporary  materials  where 
dependence  for  ultimate  protection  is  placed  on 
vegetative  cover. 

Check  Irrigation — A  method  of  irrigation  in  which 
an  area  is  practically  or  entirely  surrounded  by 
earth  ridges. 

Chemical  Gaging  (Hydraulics) — A  process  of  mea¬ 
suring  the  flow  of  water  by  ascertaining  the  result¬ 
ing  degree  of  dilution  of  a  chemical  solution  of 
known  saturation  introduced  into  the  stream  at  a 
known  rate. 

Chezy  Formula  (Hydraulics) — ^An  empirical  formula 
expressing  the  relation  between  velocity  of  water, 
hydraulic  radius,  and  friction  slope. 

V  =  CV^ 

where  V  =  velocity;  R  =  hydraulic  radius;  S  = 
sine  of  the  slope  angle  due  to  friction;  and  C  =  a 
coeflBcient.  See  also  Kutter*$  Formula;  Manning's 
Formula. 

Chiseling — See  Subsoiling. 

Chute — A  high-velocity  conduit  for  safely  conveying 
water  to  a  lower  level  without  erosion  from  exces¬ 
sive  velocities  and  turbulence. 

CipoUetti  Weir — A  measuring  weir  in  which  the  bot¬ 
tom  of  the  overflow  notch  is  level  and  the  sides  have 
a  slope  of  1  horizontal  to  4  vertical,  to  compensate 
for  end  contractions. 

Clay — (1)  Small  mineral  particles  of  the  soil,  less 
than  0.002  mm  in  diameter.  (2)  Soil  material  con¬ 
taining  40%  or  more  clay,  less  than  45%  sand,  and 
less  than  40%  silt. 

Claypan — A  horizon  of  accumulation  or  a  stratum 
of  dense  compact  and  relatively  impervious  clay. 
Claypan  is  not  cemented,  but  is  hard  when  dry  and 
plastic  or  stiff  when  wet.  Its  presence  like  that  of 
a  true  hardpan  may  interfere  with  water  movement 
or  root  development. 

Clean  Tillage— Cultivation  to  prevent  the  growth  of 
all  vegetation  except  the  particular  crop  desired. 

Clear  Cutting  (Forestry) — A  method  of  cutting  that 
removes  all  merchantable  trees  on  the  area  in  one 
cut.  Contrast  with  Selective  Cutting. 

Climate — The  sum  total  of  all  atmospheric  or  me¬ 
teorological  influences,  principally  temperature, 
moisture,  wind,  pressure,  and  evaporation,  which 
combine  to  characterize  a  region  and  give  it  indi¬ 
viduality  by  influencing  the  nature  of  its  land 
forms,  soils,  vegetation  and  land  use.  Contrast 
with  Weather. 

Climate,  Continental — The  type  of  climate  charac- 
istic  of  land  areas  separated  from  the  moderating 
influence  of  oceans  by  distance  or  mountain  bar¬ 
riers.  It  is  marked  by  relatively  large  daily  and 
seasonal  changes  in  temperature. 

Climate,  Oceanic — The  type  of  climate  characteristic 
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of  land  areas  near  oceans  which  contribute  to  the 
humidity  and  at  the  same  time  have  a  moderating 
influence  on  temperature  and  range  of  temperature 
variation.  Also  referred  to  as  Marine  Climate. 

Climax  (Plant  Ecology) — The  final  stage  of  plant  suc¬ 
cession  for  a  given  natural  environment;  the  stage 
at  which  the  composition  of  the  plant  community 
remains  unchanged  and  can  reproduce  itself  as  long 
as  the  environment  remains  unchanged.  See  Suc¬ 
cession. 

Coarse  Textured  Soil — A  sandy  soil. 

Coefficient  of  Variation  or  Variability  (Statistics) — 

The  standard  deviation  expressed  as  a  fraction  of 
the  mean.  May  also  be  expressed  as  a  percentage. 

Coffer-dam — A  barrier  built  in  the  water  so  as  to 
form  an  enclosure  from  which  the  water  is  pumped 
to  permit  free  access  to  the  area  within. 

Colluvial  Soil  Material  —  Soil  material  which  has 
moved  downhill  and  has  accumulated  on  lower 
slopes  and  at  the  bottom  of  the  hill.  Colluvial  ma¬ 
terial  is  moved  dow’nhill  by  the  force  of  gravity  and 
to  some  extent  by  soil  creep,  frost  action  and  local 
wash.  Syn.  Colluvium. 

Commensurability  (Range)  —  The  extent  to  which 
ranches  or  ranch  outfits  should  share  in  grazing 
privileges  on  nearby  public  or  cooperatively  con¬ 
trolled  range,  as  determined  by  the  grass  forage 
resources  of  privately  controlled  property  of  the 
ranches  involved. 

Community  (Ecology) — A  non-technical  term  which 
may  be  applied  to  any  assemblage  of  organisms 
growing  together  in  a  natural  habitat.  Examination 
by  careful  ecological  methods  is  necessary  before 
any  given  community  can  be  subdivided  into  any 
particular  formation,  association  or  faciation.  More¬ 
over,  all  ecological  investigators  have  not  given  the 
same  rank  to  equivalent  units. 

Companion  Crop — A  crop  w'hich  is  grown  with  an¬ 
other  crop.  Usually  applied  to  a  small  grain  crop 
with  which  forage  crops  are  sowm.  The  small  grain 
crop  may  also  be  knowm  as  “nurse  crop,”  but 
companion  crop  is  the  term  preferred  by  agrono¬ 
mists.  It  may  also  apply  to  other  crops  such  as  corn 
and  soybeans  when  grown  together. 

Compost — An  artificial  or  synthetic  manure  made 
by  allowing  waste  plant  residues  supplemented  by 
lime  and  barnyard  manure  or  inorganic  fertilizers, 
and  generally  with  some  added  soil  or  sod,  to  un¬ 
dergo  bacterial  action  over  a  period  of  several 
months,  or  until  well  decomposed. 

Concentrates  (Feed) — Feed  with  high  total  digesti¬ 
ble  nutrient  and  low  fibre  content ;  examples,  grain 
and  grain  by-products. 

Conduit — Any  channel  intended  for  the  conveyance 
of  water,  whether  open  or  closed. 

Conifer — A  plant  of  the  pine  family,  Pinaceae;  ex¬ 
amples,  pines,  spruces,  firs,  hemlocks,  cedars,  cy¬ 
presses,  or  of  the  yew  family,  Taraceae;  examples, 
yew,  juniper.  Mostly  cone-bearing  and  evergreen, 
although  yew'  and  the  junipers  have  berry-like 
fruits  and  the  larches  are  deciduous.  Frequently 
referred  to  as  softwoods,  as  contrasted  with  the 
broad-leaved  hardwoods. 


Conservation  Survey — See  Soil  Conservation  Survey. 

Consumptive  Use — The  quantity  of  water  used  and 
transpired  by  the  vegetation  plus  that  evaporated. 
Syn.  Evapo-transpiration. 

Continuous  Delivery  (Irrigation )  —  A  system  by 
which  each  irrigator  receives  his  allotted  quantity 
of  water  at  a  continuous  rate.  Contrast  with  Ro¬ 
tation  Irrigation. 

Continuous  Grazing  —  Grazing  without  interruption 
throughout  the  season.  Contrast  with  Deferred 
Grazing;  Rotation  Grazing. 

Contour — An  imaginary  line  on  the  surface  of  the 
earth  connecting  points  of  the  same  elevation;  a 
line  drawn  on  a  map  to  show  the  location  of  points 
of  the  same  elevation.  A  series  of  contour  lines  on  a 
map  shows  the  topography  of  the  land. 

Contour  Farming — Conducting  field  operations,  such 
as  plowing,  planting,  cultivating  and  harvesting  on 
the  contour  or  at  right  angles  to  the  natural  direc¬ 
tion  of  slope. 

Contour  Furrows — Furrows  plowed  on  the  contour 
on  pasture  or  range  land  to  prevent  soil  loss  and 
allow  water  to  penetrate  the  soil.  Sometimes  used 
in  planting  trees  or  shrubs  on  the  contour. 

Contour  Interval  —  The  vertical  distance  between 
contour  lines. 

Contour  Strip  Cropping — The  production  of  crops  in 
comparatively  narrow  strips  planted  on  the  con¬ 
tour  and  at  right  angles  to  the  natural  direction  of 
slope.  Ustxally  strips  of  grass  or  close  growing 
crops  are  alternated  with  those  in  cultivated  crops. 
Graded  Strip  Cropping  is  a  form  of  contour  strip 
cropping  in  which  the  strips  have  a  grade  of  not 
more  than  1%  laid  out  from  a  guide  line  in  the 
center  of  the  strip.  All  rows  and  furrows  are  con¬ 
tinuous  to  a  grassed  waterway.  Graded  Strip  Crop¬ 
ping  is  used  on  sloping  land  which  is  slightly  or 
moderately  wet.  It  serves  to  control  erosion  and 
also  provides  drainage  by  allowing  surface  water  to 
follow  the  rows  at  a  safe  velocity. 

Control — (1)  In  research,  something  under  study, 
either  untreated  or  given  a  standard  treatment, 
which  is  used  as  a  standard  for  comparison  or 
checking  the  results  of  other  treatments.  (2)  In 
hydraulics,  a  section  or  reach  of  an  open  channel 
where  conditions  exist  that  make  the  water  level 
above  it  an  index  of  the  discharge. 

Control  Flume  (Hydraulics) — An  open  conduit  or  ar¬ 
tificial  channel  arranged  for  measuring  the  flow  of 
water,  generally  consisting  of  a  raised  floor  or  oth¬ 
erwise  constricted  section  wherein  Belanger’s  criti¬ 
cal  depth  exists.  See  Par  shall  Measuring  Flume. 

Controlled  Burning — Any  deliberate  use  of  fire  on 
land  whereby  the  burning  is  restricted  to  a  prede¬ 
termined  area  and  intensity.  The  intensity  of  fire  is 
controlled  by  the  time  of  year,  the  time  of  day,  and 
the  moisture  content  of  vegetation  in  the  area.  Syn. 
Prescribed  Burning. 

Conveyance  Loss — The  loss  of  irrigation  water  from 
the  delivery  system. 

Cord — A  unit  of  measurement  of  wood.  In  measur¬ 
ing  timber  128  cubic  feet  equals  1  cord ;  a  long  cord 
is  160  cubic  feet.  The  standard  cord  is  a  pile  of 
wood  4  by  8  feet  made  up  of  sticks  4  feet  long. 
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Core  Wall — A  wall  of  masonry,  sheet  piling,  or  pud¬ 
dled  clay  built  inside  a  dam  or  embankment  to  re¬ 
duce  percolation. 

Oorrasion  (Geology) — The  process  by  which  a  flow¬ 
ing  substance  loaded  with  abrading  material  de¬ 
taches  or  wears  away  rock.  A  stream  carrying  sand 
and  gravel  has  power  to  cause  corrasion. 

Correction  Strip — An  irregular  strip  or  area  of  land 
lying  between  contour  strips. 

Correlation  (Statistics)  —  A  statistical  method  for 
studying  and  expressing  the  degree  of  association 
or  mutual  relationship  between  variates.  Not  nec¬ 
essarily  a  causal  or  dependent  relationship. 

Corrosion  (Geology) — The  process  by  which  surface 
or  ground  water  dissolves  and  chemically  alters  rock 
materials  with  which  it  comes  in  contact. 

Cover,  Ground — Any  vegetation  producing  a  protect¬ 
ing  mat  on  or  just  above  the  soil  surface.  In  for¬ 
estry,  low-growing  shrubs  and  herbaceous  plants 
under  the  trees. 

Cover,  Vegetation — All  plants,  of  all  sizes  and  spe¬ 
cies,  found  on  an  area  irrespective  of  whether  they 
have  forage  or  other  value.  Syn.  Plant  Cover. 

Cover  Crop— A  close-growing  crop  grown  primarily 
for  the  purpose  of  soil  protection  and  improvement, 
between  periods  of  regular  crop  production,  or  be¬ 
tween  trees  and  vines  in  orchards  and  vineyards. 

Cow  Ifonth — The  feed  or  forage  needed  to  maintain 
a  mature  cow  in  good  condition  for  30  days. 

Cradle  (Engineering) — A  footing  structure  shaped  to 
fit  the  conduit  it  supports. 

Creep,  Soil — Downhill  mass  movement  of  soil  or  the 
products  of  weathering  at  an  imperceptible  rate, 
due  primarily  to  gravity. 

Crest — (1)  The  top  of  a  dam,  dike,  spillway  or  weir, 
frequently  restricted  to  the  overflow  portion.  (2) 
The  summit  of  a  wave  or  peak  of  a  flood. 

Crib  Dam — A  barrier  made  of  timber,  forming  bays 
or  cells  which  are  filled  with  stone  or  other  heavy 
material. 

Critical  Depth  (Hydraulics) — (1)  The  depth  of  water 
in  a  channel  corresponding  to  one  of  the  recognized 
critical  velocities.  Ordinarily  used  in  reference  to 
Belanger’s  critical  depth,  which  is  the  depth  at 
which  a  given  flow  would  attain  its  minimum  en¬ 
ergy  with  respect  to  the  bottom  of  the  channel.  (2) 
The  depth  at  which  in  a  given  channel  a  given 
quantity  of  water  flows  with  the  minimum  content 
of  energy. 

Critical  Slope — See  Angle  of  Repose. 

Critical  Velocity  (Hydraulics)  —  The  velocity  at 
which  some  basic  change  in  the  nature  or  effect  of 
flow  occurs.  There  are  several  such  “critical” 
velocities.  The  term  is  most  commonly  used  in  ref¬ 
erence  to  Belanger ’s  critical  velocity  or  that  velocity 
at  which  the  energy  of  the  flowing  liquid  reaches  its 
minimum  possible  value.  Other  important  critical 
velocities  are  those  of  Reynolds  and  Kennedy.  The 
upper  Reynolds  critical  velocity  is  that  at  which 
laminar  flow  changes  to  turbulent  flow.  The  lower 
Reynolds  critical  velocity  is  that  at  which  turbulent 
flow  changes  to  laminar  flow.  Kennedy’s  critical 
velocity  is  that  at  which  neither  deposition  nor  scour 


occurs  in  a  stream  flowing  over  an  erodible  bed. 

Cropland — Land  regularly  used  for  the  production 
of  crops  (except  forest  crops  and  permanent  pas¬ 
ture).  Rotation  pasture,  cultivated  summer  fal¬ 
low,  orchards,  and  land  ordinarily  used  for  crops 
but  temporarily  idle  is  included. 

Crop  Residua — The  portion  of  a  plant,  or  crop,  left 
in  the  field  after  harvest. 

Crop  Residue  Hanagement — See  Stubble  Mulch. 

Crop  Rotation — The  growing  of  different  crops  in  re¬ 
curring  succession  on  the  same  land. 

Crop  Tree — An  individual  tree  which,  because  of 
species,  form,  and  condition  is  best  adapted  for  a 
crop,  usually  for  saw-log  purposes.  Contrast  with 
Weed  Tree;  Wolf  Tree. 

Crown  (Forestry}— upper  part  of  a  tree  includ¬ 
ing  the  branches  and  leaves. 

Crown  Class — All  trees  in  a  stand  occupying  a  simi¬ 
lar  position  in  the  crown  cover.  The  crown  classes 
usually  distinguished  are: 

Dominant — Trees  with  crowns  extending  above  the 
general  level  of  the  forest  canopy  and  receiving  full 
light  from  above  and  partly  from  the  side;  larger 
than  the  average  tree  in  the  stand  and  with  crowns 
well  developed  but  possibly  somewhat  crowded  on 
the  sides. 

Co-dominant — Tree  with  crowns  forming  the  gen¬ 
eral  level  of  the  forest  canopy  and  receiving  full 
light  from  above  but  comparatively  little  from  the 
sides;  usually  with  medium-sized  crowns  more  or 
less  crowded  on  the  sides. 

Intermediate — Trees  with  crowns  below,  but  still 
extending  into  the  general  level  of  the  forest  can¬ 
opy,  receiving  a  little  direct  light  from  above  but 
none  from  the  sides,  usually  with  small  crowns  con¬ 
siderably  crowded  on  the  sides. 

Overtopped — Trees  with  crowns  entirely  below  the 
general  forest  canopy  and  receiving  no  direct  light 
either  from  above  or  from  the  sides.  These  may  be 
further  divided  into  oppressed,  usually  with  small, 
poorly  developed  crowns,  still  alive,  and  possibly 
able  to  recover ;  and  suppressed  or  dying  and  dead. 

Crown  Cover — The  canopy  formed  by  the  crowns  of 
all  the  trees  in  a  forest,  or.  in  an  uneven-aged  for¬ 
est,  by  the  crowns  of  all  trees  in  a  specified  crown 
class. 

Crown  Density — The  percentage  of  total  land  area 
involved  having  a  complete  crown  cover. 

Cruise — A  survey  of  forest  lands  to  locate  and  esti¬ 
mate  the  volume  and  grades  of  standing  timber. 
Also,  the  estimate  obtained  in  such  a  survey. 

Cubic  Foot  Per  Second — See  Second  Foot. 

Current  Meter  (Hydraulics) — A  device  for  determin¬ 
ing  the  velocity  of  flowing  water  by  ascertaining  the 

•  speed  at  which  a  stream  of  water  rotates  a  vane  or 
a  wheel. 

Cut-off — (1)  A  wall,  collar,  or  other  structure  such 
as  a  trench  filled  with  relatively  impervious  mate¬ 
rial  intended  to  reduce  percolation  of  water  along 
otherwise  smooth  surfaces,  or  through  porous  strata. 
(2)  In  river  hydraulics,  the  new  and  relatively 
short  channel  formed  when  a  stream  cuts  through 
the  neck  of  an  “oxbow”  curve.  This  may  be  done 
naturally  during  a  flood  or  artiflcially. 
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Cut-over  Forest — A  forest  in  which  most  or  all  of  the 
merchantable  timber  has  been  cut. 

D 

Dam — A  barrier  to  confine  or  raise  water  for  stor¬ 
age  or  diversion,  to  create  an  hydraulic  head,  to 
prevent  gully  erosion,  or  for  retention  of  soil,  rock 
or  other  debris. 

Darcy's  Equation  —  A  formula  for  flow  (laminar) 
through  porous  media;  flow  of  water  through  soil. 

Q  =  KSA 

where  Q  is  quantity  of  discharge  per  unit  time;  K 
is  a  coefficient  of  permeability  of  the  material;  S 
the  hydraulic  gradient;  and  A  the  cross-sectional 
area  through  which  water  flows. 

Datum  (Engmeermg) — Plane  of  reference  for  eleva¬ 
tions. 

Dealkalisation — Removal  of  alkali  from  the  soil,  usu¬ 
ally  by  leaching. 

Debris  (Geology) — The  material  resulting  from  the 
decay  and  disintegration  of  rocks.  It  may  occur  in 
the  place  where  it  was  produced,  or  it  may  be  trans¬ 
ported  by  streams  of  water  or  ice  and  deposited  in 
other  localities.  Syn.  Rock  Waste  or  Detritus. 

Debris  Cone  (Geology) — A  fan-shaped  deposit  of  soil, 
sand,  gravel,  and  boulders  built  up  at  the  point 
where  a  mountain  stream  meets  a  valley,  or  other¬ 
wise  where  its  velocity  is  reduced  sufficiently  to 
cause  such  deposits.  Similar  to  alluvial  fan,  but 
consists  of  coarser  material  lying  on  steeper  slopes. 

Debris  Dam — A  barrier  built  across  a  stream  channel 
to  store  rock,  sand,  gravel,  silt  or  other  material 
like  driftwood. 

Deciduous  Plant — A  plant  which  sheds  all  its  leaves 
every  year  at  a  certain  season. 

Deferred  Grazing — The  postponement  of  the  use  of 
grazing  lands  from  the  start  of  forage  growth  until 
a  definite  stage  of  plant  development  has  been 
reached.  Contrast  with  Continuous  Grazing;  Rota¬ 
tion  Growing. 

Deficiency — The  amount  by  which  a  series  of  quan¬ 
tities  falls  short  of  a  given  demand,  normal,  or  other 
criterion;  the  opposite  of  an  excess.  Frequently 
used  in  reference  to  rainfall,  temperature,  and  other 
meteorological  and  hydrological  quantities.  Also 
used  in  reference  to  mineral  elements  essential  to 
plant  growth  or  animal  life. 

Defiocculation  —  The  separation  or  break  down  of 
soil  aggregates  containing  clay  into  their  individual 
particles. 

Delivery  Box  (Irrigation)— A  structure  for  the  con¬ 
trol  and  proportionment  of  water  delivered  to  farm 
units. 

Delta — An  alluvial  deposit  formed  where  a  stream  or 
river  drops  its  sediment  load  on  entering  a  body  of 
more  quiet  water,  formed  largely  beneath  the  water 
surface,  and  often  resembling  the  shape  of  the  Greek 

letter  Delta. 

Demonstration  Area  (Soil  Conservation  Service) — A 

section  of  country,  usually  a  small  watershed  set 
aside  and  designated  by  name  and  number,  on 
which  demonstrational  work  in  soil  and  water  con¬ 
servation  and  land  use  was  done  by  and  between 
the  Soil  Conservation  Service  and  the  farmers. 


Demonstration  areas  were  in  operation  from  Sep¬ 
tember  1933  to  1943.  Also  known  as  Watershed 
Demonstration  Project;  Soil  and  Water  Conserva¬ 
tion  Demonstration. 

Dental  —  A  tooth-like  projection  on  an  apron,  or 
other  surfaces  to  deflect  or  break  the  force  of  flow¬ 
ing  water;  a  form  of  baffle. 

Dentated  Sill — A  notched  sill  at  the  end  of  an  apron 
to  check  the  force  of  flowing  water  and  thus  reduce 
erosion  below  the  apron. 

Dependency  Zone  (Range)  —  A  specific  area  sur¬ 
rounding  certain  private  lands,  within  which  use  of 
private  range  land  may  be  supplemented  by  use  of 
public  land. 

Dependent  Property  (Range) — Privately  owned  or 
controlled  land  or  water  deemed  to  have  special 
claims  for  companionate  use  with  certain  public  or 
cooperatively  controlled  range  land. 

Depletion  Curve  (Hydraulics) — A  graph  represent¬ 
ing  the  rate  of  water  flow  or  seepage  from  ground 
water  storage  into  stream  channels. 

Deposition  —  The  accumulation  of  soil  material 
dropped  because  of  slackening  movement  of  the 
transporting  agent — water  or  wind.  Accumulation 
at  the  foot  of  an  eroded  slope,  alluvial  fans  and 
dunes  are  examples  of  deposition. 

Depth,  Effective  Soil — The  depth  of  soil  material 
which  plant  roots  can  penetrate  readily  to  obtain 
water  and  plant  nutrients.  It  is  the  depth  to  a  layer 
that  differs  from  the  overlying  material  in  physical 
or  chemical  properties  sufficiently  to  prevent  or 
seriously  retard  the  growth  of  roots. 

Desalinization — Removal  of  salts  from  saline  soil, 
usually  by  leaching. 

Desert — An  area  with  an  extremely  arid  climate. 
Vegetation,  if  present  at  all,  is  generally  sparse  and 
includes  very  hardy,  drought  resistant  types  such 
as  cactus  and  rapid-growing  annuals  that  can  grow, 
bloom,  and  produce  seed  on  the  moisture  from  a 
single  good  rain  or  a  brief  rainy  period. 

Desilting  Area — An  area  of  grass,  shrubs  or  other 
vegetation  used  solely  for  deposition  of  silt  and 
other  debris  from  flowing  water,  located  above  a 
stock  tank,  pond,  field  or  other  area  needing  pro¬ 
tection  from  sediment  accumulation.  See  Filter 
Strip. 

Desilting  Basin — See  Settling  Basin. 

Detachment  (Soil  Erosion) — 'The  removal  from  a  soil 
mass  of  transportable  fragments  of  soil  material  by 
an  eroding  agent,  usually  falling  raindrops,  run¬ 
ning  water,  or  wind.  Through  detachment,  soil  par¬ 
ticles  or  aggregates  are  made  ready  for  transport. 
See  Transportation. 

Detention  Dam — A  dam  constructed  for  the  purpose 
of  temporary  storage  of  streamflow,  or  surface  run¬ 
off,  and  for  releasing  the  stored  water  at  controlled 

rates. 

Deviation,  Standard  (Statistics)— A  measure  of  the 
average  variation  of  a  series  of  observations  or  items 

of  a  population  about  their  mean.  In  normally  dis¬ 
tributed  sets  of  moderate  size,  the  interval  of  the 
mean  plus  or  minus  the  standard  deviation  includes 
about  %  of  the  items. 
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Diameter  Breast  High — The  diameter  of  a  tree  4.5 
feet  above  average  ground  level.  Abbr.  D.BM. 

Dibble — A  tool  for  making  holes  for  planting  seeds 
or  young  trees.  Syn.  Planting  Bar;  Spud. 

Dike— An  embankment  to  confine  or  control  water, 
especially  one  built  along  the  banks  of  a  river  to 
prevent  overflow  of  lowlands;  a  levee. 

Discharge  (HydrmUics) — The  quantity  of  water,  silt, 
or  other  mobile  substances  passing  along  a  conduit 
per  unit  of  time;  rate  of  flow;  cubic  feet  per  sec¬ 
ond  ;  liters  per  second ;  gallons  per  minute. 

Discharge  Ooefflcient  (Hj^raulics) — The  ratio  of  ac¬ 
tual  rate  of  flow  to  the  theoretical  rate  through  ori¬ 
fices,  weirs,  or  other  hydraulic  structures. 

Disclunaz  (Ecology) — A  climax  which  is  modified  by 
disturbance  of  the  natural  succession  by  man  or  do¬ 
mestic  animals.  Syn.  Disturbance  Climax. 

Dispersion,  Soil — The  breaking  down  of  soil  aggre¬ 
gates,  resulting  in  single  grain  structure.  Ease  of 
dispersion  is  an  important  factor  influencing  the 
erodibility  of  soils.  Generally  speaking,  the  more 
easily  dispersed  the  soil,  the  more  erodible  it  is. 

Dispersion  Ratio — The  ratio  of  silt  plus  clay  remain¬ 
ing  in  suspension  after  limited  shaking  and  settling, 
using  specific  procedure,  to  the  total  silt  plus  clay 
as  determined  by  mechanical  analysis.  The  greater 
this  ratio,  the  more  easily  the  soil  can  be  dispersed. 

Dissection — The  work  of  erosion  in  destroying  the 
continuity  of  a  relatively  even  surface  by  the  cut¬ 
ting  of  ravines  or  valleys. 

Distribntaries  (Irrigation)  —  The  smaller  conduits 
taking  water  out  of  the  main  canals  for  delivery  to 
the  farms;  any  system  of  secondary  conduits. 

Distribution  System  (Irrigation) — The  system  of  lat¬ 
erals,  distributaries,  and  their  appurtenances  con¬ 
veying  irrigation  water  from  the  source  to  the  farm 
units.  See  Canal,  Main  Irrigation;  Distributaries; 
Irrigation  Lateral;  Irrigation  Structure. 

Diversion — A  diversion  is  a  channel  with  a  support¬ 
ing  ridge  on  the  lower  side  constructed  across  the 
slope  to  intercept  run-off  and  minimize  erosion,  or 
to  prevent  excess  run-off  from  flowing  onto  lower 
lying  areas.  In  some  areas  a  series  of  diversions  are 
constructed  across  the  slope  similar  to  terraces,  but 
with  greater  horizontal  and  vertical  spacing.  Also 
known  as  Diversion  Terrace. 

Diversion  Dam — A  barrier  built  to  divert  part  or  all 
of  the  water  from  a  stream  into  a  different  course. 

Divisor — A  device  which  effects  the  continuous  sep¬ 
aration  and  diversion  of  a  representative  fraction  of 
the  run-off  from  experimental  areas.  The  diverted 
fraction  is  weighed  or  measured  and  may  be  ana¬ 
lyzed  to  furnish  a  basis  for  calculation  of  the  total 
losses  of  soil  and  water. 

Dolomite — A  rock  containing  a  high  percentage  of 
calcium  and  magnesium  carbonates.  Ground  dolo- 

mitic  limestone,  containing  considerable  magnesium 
carbonate  as  well  as  calcium  carbonate,  is  widely 
used  as  agricultural  lime,  especially  on  soils  with  a 
low  magnesium  content. 

Dominant  (Plant  Ecology) — Species  which  are  the 
controlling  and  most  widespread  species  within  cer¬ 
tain  prescribed  boundaries.  They  are  usually  the 


most  abundant,  or  may  be  the  largest  and  longest 
lived.  Dominants  of  climax  communities  are  called 
Climax  Dominants. 

Drain  —  A  buried  pipe  or  other  conduit  (closed 
drain)  or  a  ditch  (open  drain)  for  carrying  off  sur¬ 
plus  surface  or  ground  water. 

Drainage — (1)  The  removal  of  excess  surface  or 
ground  water  from  land  by  means  of  surface  or  Sub¬ 
surface  drains.  (2)  The  effect  of  soil  characteris¬ 
tics  which  regulate  the  ease  or  rate  of  natural  drain¬ 
age.  Soil  is  said  to  be  “well  drained"  when  the 
excess  water  drains  away  rapidly  and  “poorly 
drained"  when  excess  water  drains  away  so  slowly 
that  it  interferes  seriously  with  tillage  or  plant 
growth. 

Drainage  Basin — The  largest  size  natural  drainage 
area  subdivision  of  a  continent.  The  United  States 
has  been  divided  at  one  time  or  another  for  various 
administrative  purposes  into  some  12  to  18  drain¬ 
age  basins  or  groups  of  watersheds,  such  as  the 
Colorado,  Missouri,  and  Columbia  basins.  See  Wa¬ 
tershed. 

Drainage  District  —  A  cooperative,  self-governing 
public  corporation  created  under  state  law  to 
finance,  construct,  operate,  and  maintain  a  drain¬ 
age  system. 

Drainage  Terrace  —  A  graded  terrace  built  with  a 
relatively  deep  channel  and  low  ridge  primarily  for 
hillside  drainage.  See  Graded  Terrace;  Nichols 
Terrace. 

Draw  (Topography) — A  natural  depression  or  swale; 
a  small  natural  drainageway. 

Draw-down  Curve  (Drainage}— K  curve  representing 
the  theoretical  curvature  of  the  surface  of  ground 
water  as  affected  by  the  removal  of  ground  water 
by  tile,  open  ditch  or  other  means. 

Drift  (Geology) — Material  of  any  sort  deposited  in 
one  place  after  having  been  moved  from  another. 
The  term  is  most  commonly  used  when  referring  to 
glacial  drift,  or  material  deposited  after  having 
been  moved  by  glacial  action.  Glacial  drift  includes 
unstratified  glacial  deposits,  or  till,  and  stratified 
glacial  outwash  materials. 

Drift  Barrier  —  An  open  structure  built  across  a 
stream  channel  to  catch  driftwood.  It  may  be  of  any 
form  from  a  simple  wire  fence  to  a  barrier  of  mas¬ 
sive  piers  with  heavy  cables  strung  between  them. 

Drift  Fence  (Range  Management)— Any  fence,  used 
by  itself  or  in  connection  with  natural  barriers,  to 
prevent  stock  from  drifting  from  their  regular 
range  to  another.  Such  fences  seldom  form  com¬ 
plete  enclosures. 

Drill  Seeding — Planting  seeds  with  a  drill  in  rela¬ 
tively  narrow  rows,  generally  less  than  a  foot  apart. 
Contrast  with  Broadcast  Seeding;  Row  Crop. 

Driveway,  Stock — A  strip  of  country  set  aside  for 
the  specific  purpose  of  movement  of  livestock  from 
place  to  place.  Examples,  from  range  to  shipping 

point  or  home  ranch ;  from  seasonal  range  to  sea¬ 
sonal  ranse.  See  Stock  Trail. 

Drop  (Hydraulics) — A  structure  for  dropping  the 
water  in  a  conduit  to  a  lower  level  and  dissipating 

its  surplus  energy ;  a  fall.  A  drop  may  be  vertical 
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or  inclined;  the  latter  is  sometimes  called  a  chute. 

Drop  Structure — A  dam  constructed  in  a  gully  or 
other  watercourse  to  lower  the  grade  of  the  water¬ 
course  and  thereby  decrease  the  velocity  of  flow, 
promote  the  deposition  of  sediment,  and  prevent 
further  channel  erosion. 

Drop-inlet  Dam — A  dam  with  provision  for  carrying 
off  overflow  through  a  gently  sloping  pipe  under 
the  dam,  connected  to  an  open-topped  vertical  pipe, 
or  riser,  at  the  pond  side  of  the  dam.  The  length  of 
the  vertical  riser  or  “drop  inlet”  is  most  often  5  to 
15  feet,  but  may  be  more. 

Dry  Farming — (1)  Farming  in  semi-arid  or  arid  re¬ 
gions  without  irrigation.  (2)  A  system  of  fallow 
and  stubble  mulch  designed  to  absorb  and  retain 
the  precipitation  which  occurs. 

Duckfoot — An  implement  with  horizontally  spread¬ 
ing  V-shaped  tillage  blades,  or  sweeps,  which  are 
normally  adjusted  to  provide  shallow  cultivation 
without  turning  over  the  surface  soil  or  burying 
surface  crop  residues. 

Duff — The  more  or  less  firm  organic  layer  in  forests. 
It  consists  of  fallen  vegetative  matter  in  the  process 
of  decomposition  including  everything  from  pure 
humus  below  to  the  litter  on  the  surface.  Duff  is  a 
general,  non-specific  term. 

Dune — A  mound  or  ridge  of  loose  sand  piled  up  by 
the  wind;  common  where  sand  is  abundant  and 
wind  usually  strong  as  along  lake  and  sea  shores 
and  in  some  desert  and  semi-desert  areas. 

Dune  Sand — (1)  Areas  of  wind-drifted  sand  in 
dunes,  hummocks  and  ridges,  usually  free  from 
vegetation  and  undergoing  active  erosion  and  re¬ 
deposition  by  winds.  (2)  Sand,  predominantly  from 
0.1  to  0.4  mm  diameter,  that  has  been  piled  up  by 
wind  into  dunes. 

Duration  Curve  (Hydraulics)  —  A  graphical  repre¬ 
sentation  of  the  number  of  times  given  quantities 
are  equalled  or  exceeded  during  a  certain  period  of 
record.  For  example,  if  in  a  10-year  record  of  daily 
stream  flow,  the  percentage  of  time  the  flow  was 
above  certain  values  was  plotted  against  flow,  the 
graph  would  constitute  a  duration  curve  for  that 
stream  and  period. 

Dust  Mulch — The  loose  dry  surface  layer  of  a  culti¬ 
vated  field ;  a  shallow  layer  of  loose  surface  soil. 

E 

Earth  Dam — A  barrier  for  confining  water  composed 
of  earth  (clay,  silt  sand  or  sand  and  gravel)  or  a 
combination  of  earth  and  rock. 

Earthflow — See  Landslide. 

Edge  (Wildlife)  —  The  sharp,  terminating  border 
where  one  cover  type  ends  and  another  begins. 

Effluent — The  outflow  of  water  from  subterranean 
storage. 

Elevated  Ditch  (Irrigation) — Earth-fill  crossing,  con¬ 
structed  to  specifications  similar  to  those  for  earth- 
fill  dams,  placed  across  canyons  or  other  large  de¬ 
pressions  to  provide  canal  or  lateral  cros.sings  at 
normal  grade,  as  a  substitute  for  flumes  or  siphons. 
Syn.  Raised  Ditch. 

Eluviation — The  removal  of  material  from  a  soil  ho¬ 


rizon  by  downward  or  lateral  movement  in  solution 
and  to  a  lesser  extent  in  colloidal  suspension.  Con¬ 
trast  with  Illuviation. 

Energy  Head  (Hydraulics) — The  elevation  of  the  hy¬ 
draulic  grade  line  at  any  section  plus  the  velocity 
head  of  the  mean  velocity  of  the  water  in  that  sec¬ 
tion.  The  energj'  head  may  be  referred  to  any  da¬ 
tum,  or  to  an  inclined  plane,  such  as  the  bed  of  a 
conduit. 

Engineering  Practices — Soil  and  water  conservation 
practices  which  are  primarily  designed  to  change 
the  slope  characteristics  of  land  so  that  the  amount 
and  velocity  of  surface  run-off  and  erosion  are  re¬ 
duced;  for  example,  the  use  of  systems  or  devices 
for  the  disposal  of  excess  water  such  as  terraces, 
contour  furrows,  diversions,  dams,  dikes,  channels 
and  tile  lines.  Contrast  with  Vegetative  Practices. 

Entrance  Head — The  head  required  to  cause  flow 
into  a  conduit  or  other  structure;  it  includes  both 
entrance  loss  and  velocity  head. 

Environment — The  sum  total  of  all  the  external  con¬ 
ditions  which  maj’  act  upon  an  organism  or  com¬ 
munity,  to  influence  its  development  or  existence. 
For  example,  the  surrounding  air,  light,  moisture, 
temperature,  wind,  soil  and  other  organisms  are 
parts  of  the  environment,  or  environmental  factors. 

Eolian  Soil  Material — See  Aeolian  Soil  Material. 

Equalizing  Basin  (Irrigation) — A  small  stilling  basin 
from  which  two  or  more  irrigation  furrows  receive 
an  equal  flow  of  water. 

Erodible  (Geology  and  Soils) — Susceptible  to  erosion. 
A  soil,  for  example,  that  is  quite  susceptible  to  ero¬ 
sion  is  referred  to  as  “erodible,”  while  one  that  is 
resistant  to  erosion  is  said  to  be  “  non-erodible.  ” 

Erosion — The  detachment  and  movement  of  the  solid 
material  of  the  land  surface  by  wind,  moving  water 
or  ice,  and  by  such  processes  as  landslides  and 
creep.  See  Accelerated  Erosion;  Blowout;  Creep, 
Soil;  Detachment;  Gully  Erosion;  Landslide;  Mu^ 
flow;  Normal  Erosion;  Rill  Erosion;  Sheet  Ero¬ 
sion;  Shore  Erosion;  Slip;  Soil  Erosion;  Splash 
Erosion;  Stream-hank  Erosion;  Stream-hed  Ero¬ 
sion;  Transportation;  Undercutting;  Wind  Erosion. 

Erosion  Class  (Soil  Conservation  Surveys) — An  ero¬ 
sion  condition  or  set  of  conditions  used  in  mapping 
the  effects  of  accelerated  erosion,  or  the  absence  of 
any  effects  of  it,  as  part  of  the  land  information  ob¬ 
tained  in  a  soil  con.servation  survey.  An  erosion 
cla.ss  may  consist  of  a  group  of  similar  erosion  con¬ 
ditions,  such  as  moderate  sheet  erosion,  or  of  a 
characteristic  combination  of  erosion  conditions, 
such  as  moderate  sheet  erosion  with  closely  spaced 
gullies.  For  convenience  in  mapping,  the  classes 
that  designate  no  apparent  erosion,  recent  alluvial 
deposits,  normal  erosion  and  certain  disturbed  areas 
are  also  commonly  called  “erosion  cla.sses.”  The 
erosion  class  is  an  appraisal  at  a  specified  time  of 
the  cumulative  effect  of  accelerated  erosion  on  the 
area  mapped. 

Erosion  Pavement — A  layer  of  coarse  fragments  of 
gravel  or  stones  on  the  surface  of  the  ground,  re¬ 
maining  after  the  removal  of  fine  particles  by  ero¬ 
sion. 
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Erosive— Tending  to  cause  erosion;  the  term  applies 
to  the  eroding  agent,  such  as  wind  or  water.  The 
term  has  also  been  used  interchangeably  with 
“erodible,”  but  the  word  “erosive”  is  preferred 
when  referring  to  the  agent  causing  erosion,  and 
“erodible”  when  referring  to  the  material  eroded. 

Error,  Standard  (Statistics)  —  An  estimate  of  the 
standard  deviation  of  means  of  samples  drawn  from 
some  single  impulation.  Often  calculated  from  a 
single  set  of  samples. 

Escape  Covert  (Wildlife)  —  Vegetation  intended  or 
serving  as  a  refuge  for  animals  in  hiding  from  or 
getting  out  of  reach  of  enemies. 

Emntial  Element  (Plant  Nutrition)  —  A  chemical 
element  which  is  required  for  the  normal  growth  of 
green  plants.  These  include:  the  primary  essential 
elements  nitrogen  (N),  phosphorus  (P),  and  potas¬ 
sium  (K),  the  secondary  essential  elements  sulfur 
(S),  calcium  (Ca),  and  magnesium  (Mg),  and  the 
rarer  essential  elements,  known  as  Trace  Elements 
or  Minor  Elements,  iron  (Pe),  boron  (B),  man¬ 
ganese  (Mn),  copper  (Cu),  zinc  (Zn),  and  molyb¬ 
denum  (Mo).  Traces  of  other  elements  may  be  es¬ 
sential  or  beneficial,  at  least  for  some  plants.  Large 
amounts  of  carbon  (C),  hydrogen  (H),  and  oxygen 
(0)  obtained  from  the  air  and  water  are  also  nec¬ 
essary  for  plant  growth. 

Evaporation — The  process  of  vaporization  by  which 
a  liquid  or  solid  is  changed  to  a  vapor  or  gas.  The 
evaporation  process  by  which  a  solid  passes  directly 
into  the  vapor  state  is  called  sublimation. 

Evapo-Tranipiration  (Irrigation) — Combined  loss  of 
water  from  soils  by  evaporation  and  plant  trans¬ 
piration.  Syn.  Consumptive  Use. 

Exolniion  of  Livestock — Excluding  for  at  least  one 
12-month  period,  all  livestock  from  a  designated 
grazing  area  for  the  purpose  of  forage  protection, 
erosion  control,  or  until  a  permanent  cover  of  grass 
or  shrubs  is  established. 

Exempt  Stock  ('Etfnge,)— Stock  which  are  permitted 
to  graze  on  the  National  Forests  or  Public  Domain 
free  of  charge.  Confined  to  animals  actually  used 
for  domestic  purposes,  such  as  work  or  saddle  horses 
and  milk  cows. 

Experimental  Design — The  plan  for  an  experiment, 
particularly,  that  part  which  insures  that  a  statis¬ 
tical  method  may  1^  used  on  the  resulting  data. 

P 

Factor,  Limiting — The  substance  or  condition  which 
is  least  available  and  which  because  of  its  unavaila¬ 
bility  determines  the  extent  of  a  life  process  in  a 
plant  is  called  the  limiting  factor.  For  example, 
growth  may  be  limited  by  moisture,  by  temperature, 
by  aeration  of  the  soil  or  the  amount  of  some  essen¬ 
tial  element  available  in  the  soil.  These  factors  or 
conditions  are  seldom  independent.  Usually  a 
change  in  one  condition  will  result  in  changes  in 
others. 

Fallow — Allowing  crop  land  to  lie  idle  either  tilled 
or  untilled  during  the  whole  or  greater  portion  of 
the  growing  season.  Tillage  is  usually  practiced  to 
control  weeds  and  encourage  the  storage  of  moisture 
in  the  soil.  See  Summer  Fallow. 


Fann  Management — The  organization  and  adminis¬ 
tration  of  the  farm  resources  including  land,  labor, 
crops,  livestock  and  equipment. 

Farm  or  Ranch  Conservation  Plan — A  statement  of 
objectives  for  the  conservation  and  management  of 
the  land  on  a  given  farm  or  ranch,  together  with  a 
course  of  action  to  achieve  them,  supported  by  in¬ 
ventory  data  and  analysis.  The  plan  may  consist 
of  written,  tabular  and  graphic  parts. 

Farm  Pond — ^A  small  body  of  water  retained  behind 
a  dam  or  held  in  a  hole  dug  in  the  ground;  of  lesser 
area  than  a  lake.  See  Tank,  Earth. 

Farm  Waterway — A  natural  or  constructed  water¬ 
way  which  is  entirely  within  an  individual  farm 
boundary. 

Fauna — All  the  wild  animals  living  in  a  given  area, 
or  within  a  stated  period  of  time. 

Fee  (Range) — A  charge  made  for  livestock  grazing 
on  the  basis  of  a  certain  rate  per  head  for  a  certain 
period  of  time. 

Fe^  —  Harvested  forage  such  as  hay  or  fodder  or 
grain,  grain  products  and  other  foodstuffs  proc¬ 
essed  for  feeding  livestock. 

Fertility,  Soil — The  presence  in  a  soil  of  the  neces¬ 
sary  elements,  in  sufficient  amounts,  in  the  proper 
balance  and  available  for  the  growth  of  specified 
plants,  when  other  factors,  such  as  light,  tempera¬ 
ture,  and  the  physical  condition  of  the  soil,  are  fa¬ 
vorable. 

Fertilisar — Any  material  which  is  added  to  the  soil 
to  supply  one  or  more  of  the  plant  nutrients. 

Fertilixer,  Gommercial — Any  industrial  raw  or  proc- 

.  essed  material  used  to  fertilize  the  soil.  Includes 
such  organic  products  as  milorganite,  but  not  barn¬ 
yard  manure. 

Fertilinr  Analyaia — The  percentage  composition  of  a 
fertilizer,  expressed  in  terms  of  nitrogen,  phos¬ 
phoric  acid,  and  potash.  For  example,  a  fertilizer 
whose  analysis  is  “6-12-6”  contains  6%  nitit^en 
(N),  12%  available  phosphoric  acid  (PjOs),  and 
6%  water-soluble  potash  (K3O). 

Fertiliier  Formula — The  quantity  and  grade  of  the 
crude  stock  materials  used  in  making  a  fertilizer 
mixture.  For  example,  one  formula  for  a  fertilizer 
whose  analysis  is  5-10-5  could  be  625  pounds  16% 
nitrate  of  soda,  1111  pounds  of  18%  superphos¬ 
phate,  200  pounds  50%  muriate  of  potash,  and  64 
pounds  of  filler  per  ton. 

Fertilixer  Grade — A  term  used  to  indicate  the  num¬ 
ber  of  units  of  plant  food  contained  in  one  ton  of  a 
given  fertilizer. 

Fertilixer  Unit — One  per  cent  of  a  ton  of  fertilizer, 
or  20  pounds.  For  example,  a  5-10-5  fertilizer  con¬ 
tains  5  units  (100  lbs.)  of  nitrogen  (X),  10  units 
(200  lbs.)  of  available  phosphoric  acid  (PsOs),  and 
5  units  (100  lbs.)  of  water-soluble  potash  (KsO). 

Fibrous  RMt  System — A  plant  root  system  having  a 
large  number  of  small,  finely  divided,  widely 
spreading  roots  but  no  large  individual  roots. 
Typified  by  grass  root  system.  Contrast  with  Tap 
Root  System. 

Field  Border  Plantings  —  Vegetation  established  on 
field  borders  to  conserve  soil  and  provide  eover  and 
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food  for  wildlife. 

Field  Capacity  (Soils) — The  moisture  content  of  a 
soil,  expressed  as  percentage  oven-dry  weight,  after 
the  gravitational  or  free  water  has  been  allowed  to 
drain,  usually  for  two  to  three  days.  The  field  mois¬ 
ture  content  two  or  three  days  after  a  soaking  rain. 
Also  known  as  Field  Moisture  Capacity;  Field- 
Carrying  Capacity;  Normal  Field  Capacity;  Nor¬ 
mal  Moisture  Capacity;  Capillary  Capacity. 

Field  Crops — General  grain,  hay,  root  and  fiber  crops 
as  contrasted  with  truck  (vegetable)  and  fruit 
crops. 

Field  Plantings  (Soil  and  Water  Conservation) — The 

establishment  of  woody  plants  on  land  essentially 
free  of  trees.  Includes  woody  plantings  for  the  pro¬ 
tection  of  critical  slopes,  stabilization  of  spoil  banks, 
sand  dunes,  etc.,  and  plantings  for  production  of 
wood  crops. 

Field  Strip  Cropping — A  system  of  strip  cropping  in 
which  crops  are  grown  in  parallel  sided  strips  laid 
out  across  the  general  slope  but  which  do  not  follow 
the  contour.  Strips  of  grass  or  close  growing  crops 
are  alternated  with  those  in  cultivated  crops. 

Field  Test  —  An  experiment  conducted  under  field 
conditions.  Ordinarily  less  subject  to  control  than 
a  formal  experiment  and  may  be  less  precise.  Syn. 
Field  Trial. 

Filter  Strip — A  strip  of  permanent  vegetation  of  suf¬ 
ficient  width  and  vegetative  density  above  farm 
ponds,  diversion  terraces  and  other  structures  to 
retard  fiow  of  run-off  water,  causing  it  to  deposit 
soil,  thereby  preventing  silting  of  structure  or  res¬ 
ervoir  below. 

Fine  Textured  Soil — A  soil  predominately  silt  and 
clay. 

Fire  Control  Line — In  forestry,  the  line  used  either 
directly  to  stop  the  advance  of  a  fire  or  the  line 
from  which  to  backfire. 

Fire  Danger  Station — A  location  where  the  variable 
factors  of  forest  fire  danger  are  determined  daily. 

Fire  Hasard — In  forestry,  the  risk  or  danger  of  loss 
or  damage  from  burning  due  to  the  presence  of  in¬ 
flammable  material  together  with  probable  source 
of  fire  origin. 

Firebreak — In  forestry,  an  existing  barrier,  or  one 
constructed  before  a  fire  occurs,  from  which  inflam¬ 
mable  materials  have  been  removed,  designed  to 
stop  or  check  creeping  or  running  fires.  Also  serves 
as  a  line  from  which  to  work  and  to  facilitate  the 
movement  of  men  and  equipment  in  fire  suppres¬ 
sion. 

Firebreak,  Burned — In  forestry,  a  firebreak  in  which 
the  inflammable  material  has  been  removed  by 
burning. 

Fint  Bottom — The  normal  flood  plain  of  a  stream. 
Some  first  bottom  areas  are  flooded  frequently, 
others  at  less  frequent  intervals.  The  term  “high 
bottom  phase”  is  commonly  applied  to  areas  which 
rarely  flood.  See  Flood  Plain. 

Fish  Pond  Management — The  art  of  creating  a  pond 
environment  suitable  for  fish  production,  and  ma¬ 
nipulating  fish  populations  to  make  them  most  use¬ 
ful  to  man.  Many  include  fertilization  and  the  con¬ 
trol  of  undesirable  pond  weeds. 


Fish  Screen — A  barrier  placed  across  the  inlet  or 
outlet  of  a  pond  to  prevent  the  passage  of  fish. 

Fishway — A  sloping  structure  designed  to  enable  fish 
to  ascend  a  cataract  or  dam;  a  fish  ladder. 

Flashboard — A  plank,  usually  of  timber  and  gen¬ 
erally  held  horizontally  by  end  girders  or  by  other 
supports,  in  a  slot,  on  the  crest  of  a  dam  or  check 
structure,  or  in  a  spillway,  to  control  the  water 
level.  Syn.  Stop-log;  Stop-plank.  See  Needle. 

Float  Gaging — Measurement  of  stream  discharge  by 
determining  the  velocity  of  a  float  placed  in  the 
flowing  water. 

Flocculation — The  grouping  together  or  coagulation 
of  suspended  colloidal  or  very  fine  particles  into 
larger  masses  or  floccules  which  will  eventually 
settle  out  of  suspension.  Flocculation  may  aid  in 
the  formation  of  soil  aggregates,  but  it  is  not  iden¬ 
tical  with  aggregation  in  soils.  The  process  opposite 
to  flocculation  is  called  deflocculation  or  dispersion. 

Flood  Coefficient  (Hydraulics) — A  numerical  expres¬ 
sion  of  the  proportion  of  the  pluviagraph  run-off 
that  actually  occurs  as  surface  run-off,  expressed  as 
a  decimal ;  the  per  cent  run-off  obtained  by  dividing 
the  pluviagraph  run-off  by  the  actual  surface  run¬ 
off.  See  Pluviagraph. 

Flood  Plain — Nearly  level  land  occupying  the  bot¬ 
tom  of  the  valley  of  a  present  stream  and  subject  to 
flooding,  unless  protected  artificially. 

Flood-Gate — A  gate  placed  in  a  channel  to  keep  out 
flood  or  tidal  water.  See  Tilting  Gate. 

Floodwater  Retarding  Stmctnre — A  dam  across  a 
small  stream  or  other  watercourse  usually  designed 
with  an  uncontrolled  outlet  so  that  it  will  tem¬ 
porarily  imptound  runoff  from  the  watershed  above 
and  release  it  at  a  rate  which  will  prevent  channel 
overflow  below  the  dam,  thereby  retarding  and  de¬ 
creasing  the  discharge  of  flood  flows. 

Floodway — A  channel,  usually  bounded  by  levees, 
used  to  carry  flood  flows. 

Flora — The  species  of  plants  growing  without  culti¬ 
vation  in  a  given  area,  or  within  a  stated  period  of 
time. 

Flowage  Line  (Hydraulics) — A  contour  line  around 
a  reservoir,  pond,  lake,  or  the  water  surface-line 
along  a  stream,  corresponding  to  some  definite  water 
level  (maximum,  mean,  low  or  spillway  crest).  Gen¬ 
erally  used  in  connection  with  the  acquisition  of 
rights  to  flood  lands  for  storage  purposes.  Syn. 
Flow -line. 

Flume — An  open  conduit  of  wood,  concrete,  stone 
or  metal  on  a  prepared  grade,  trestle,  or  bridge  for 
the  purpose  of  carrying  water  or  other  liquids  across 
creeks,  gullies,  ravines,  or  other  areas  which  lie 
along  a  canal  or  ditch  location.  It  may  also  apply 
to  an  entire  canal  where  it  is  elevated  above  natural 
ground  for  its  entire  length. 

Fodder — The  dried,  cured  plants  of  tall,  coarse,  grain 
crops  such  as  corn  and  sorghum,  including  the 
grain,  stems,  and  leaves.  Grain  parts  not  snapped 
off  or  threshed.  Contrast  with  Stover;  Hay. 

Food  Chain  (Biology) — A  series  of  plant  or  animal 
species  in  a  community,  each  of  which  is  related  to 
the  next  as  a  source  of  food. 

{Continued  in  the  April  Istue) 


MOVIES 


...  16  mm.  In  full  color  and  sound.  **Soil  and  Life*’  tells 
the  whys  and  hows  of  conservation.  ’’Strips  and  Curves”—  erosion 
control  on  the  Great  Plains.  Other  tides:  ”Water  Spreading,” 
’’Modem  Farm  Machines  Bring  Back  the  Range,”  ’’Broad  Base 
Terracing,”  ’’Build  Good  Terraces,”  ’’Level  Farming  on  Sloping 
Fields,”  ’’Building  a  Pond.” 


.  .  •  written  as  companion  pieces  to  the  above  films,  clinch 
ETC  what  the  films  teach.  Your  choice  of  materiak  for  semi<humid  and 
^  ^  —  semi*arid  conditions.  Be  sure  to  request  enough  booklets  so  that  each 

member  of  your  audience  may  take  one  home  for  further  study  and 
future  reference.  Booklets  and  films  have  identical  or  similar  titles. 


.  .  .  24  X  36  InchCSf  are  designed  for  impact  at  classroom  dis¬ 
tances  and  to  supplement  films  and  booklets.  All  material  in  this 
series  is  soundly  practical,  showing  how  to  use  ordinary  farm  trac¬ 
tors,  plows,  and  scrapers.  Here  is  information  the  farmer  can  take 
home  and  put  to  woHe  saving  soil  and  making  dollars.  _ 


POSTERS 


. .  •  Baiwllts  from  Manure^  sadcom- 

psnion  booklet  show  bow  to  make  best  use  of 
barnyard  manure,  one  of  America*s  most  valuable 
farm  crops.  Most  Case  nuiterials  are  purely  edu¬ 
cational;  some  include  promotional  matter.  All 
films  are  loaned  and  printed  matter  is  furnished 
without  charge  to  instructors,  club  leaders,  county 
agents,  and  other  responsible  persons,  groups,  and 
organizations. 

Hare  it  fitxibit  mattrial  for  a  fact-packed  class 

hour  or  a  full  evening’s  club  program,  as  you  will. 
Read  at  right  how  to  order. 


As  its  contribution  to, a  prosper¬ 
ous,  enduring  agriculture,  the  Case 
Company  has  prepared  some  sixty 
educational  items.  The  new  Visual 
Aids  catalog  describes  each  and 
tells  how  to  order.  Get  your  copy, 
and  schedule  your  choice  of  movies, 
etc.  through  your  nearest  Case  deal¬ 
er  or  Branch  House.  J.  1.  Case  Co., 
Racine,  Wis. 


^'Conservation  is  not  non-use  but  intelligent  use  of  resources . . 

This  idea  is  basic  to  all  four  of  these  new  books  on  conservation  .  .  . 


RANGE  MANAGEMENT 


Principles  end  Prectkes.  By  A.  W.  Samp¬ 
son,  University  of  California.  This  book’s  sub-tide 
indicates  an  important  fact — that  Dr.  Sampson  deab 
with  both  the  practical  problems  of  managing  range 
lands  and  the  scientific  facts  upon  which  sound  man¬ 
agement  practices  must  be  based.  This  emphasis  on 
the  principles  of  range  management  ties  the  facts 
together  and  gives  Range  Management  a  unity  which 
other,  largely  descriptive  books  lack. 

Range  Management  deals  with  a  number  of  im- 

PRACTICE  of  WILDLIFE  CONSERVATION 

By  Leonard  W.  Wing,  Texas  A  &  M  College. 
Dr.  Wing  has  written  his  book  around  the  biology  of 
birds,  mammals,  and  fish — their  weight,  range,  breed¬ 
ing  and  food  habits,  and  other  traits  on  which  any 
conservation  program  must  be  based.  He  blends  sci¬ 
entific  information  with  practices  actually  used  in  the 
field  to  produce  a  well-rounded  book  on  conservation 
management.  The  legal  aspects,  vital  to  anyone  inter¬ 
ested  in  conservation,  are  dealt  with  in  four  chapters 
covering  state,  federal,  and  Canadian  laws. 

CONSERVATION  of  NATURAL  RESOURCES 

Edited  by  Guy-Harold  Smith,  T he  Ohio  State 
University,  with  20  Contributing  Authors.  Twenty 
authorities  on  different  natural  resources  review  the 
aims,  methods,  needs,  and  accomplishments  of  conser¬ 
vation  in  the  United  States.  They  cover  each  re¬ 
source  completely:  its  extent  and  distribution;  the  use 
to  which  it  has  been  put  in  regional  and  national 
development;  the  natural  and  human  factors  affecting 
conservation  in  this  generation;  other  basic  geographi¬ 
cal  and  conservational  facts;  and  the  conservation 
practices  needed  in  the  future. 

IRRIGATION  ENGINEERING 

Volume  I  —  Agricultural  and  Hydrological 
Phases.  By  Ivan  Houk,  Consulting  Engineer.  Forty 
years  of  engineering  experience  lie  behind  this  new 
book.  Mr.  Houk  pays  special  attention  to  topics 
which  have  become  especially  important  in  the  last 
few  years:  soil  moisture,  return  flow,  wilting  condi¬ 
tions,  drainage  recoveries,  quality  of  water,  salt  bal¬ 
ance,  irrigation  efficiencies,  use  of  water  by  crops, 
sprinkling  irrigation  and  other  improved  methods  of 
applying  water,  etc. 

Sherman  M.  Woodward,  Consulting  Engineer,  wrote: 


portant  problems  hardly  mentioned  in  previous  books. 
To  mention  a  few: 

Control  of  noxious  wood  plants 

Protection  of  timber  reproduction  and  shade  trees 

Artificial  reseeding 

World  range  problems 

Characteristic  Western  range  forest  plants 

Use  of  fire  in  control  of  brush 

Place  of  wildlife  on  the  range 

J952  570  pages  Ulus.  $7.50 


Jay  N.  Darling,  Honorary  President  of  the  National 
Wildlife  Federation,  wrote: 

.  .  an  excellent  contribution  to  the  rapidly  ex¬ 
panding  field  of  game  management.  I  have  read  it 
with  great  satisfaction,  both  in  the  author’s  authori¬ 
tative  handling  and  the  publisher’s  courage  in  bring¬ 
ing  out  the  book.  If  we  could  only  make  people  read 
it  and  speed  the  process  of  intelligent  application,  it 
would  be  a  big  step  forward.” 

7951  412  pages  Ulus.  $5.50 


"This  is  an  excellent  revision  of  a  most  impor¬ 
tant  book.  The  material  appears  to  be  up  to  date 
and  the  practices  of  conservation  that  have  contributed 
most  and  that  seem  to  be  the  best  are  well  explained 
and  well  illustrated.  I  like  the  format  of  the  new 
book  very  much.  Certainly  there  is  no  other  text  in 
the  field  that  can  compare  with  this  .  .  .” 

—PROFESSOR  SIDNEY  E.  EKBLAW 
The  University  of  Kansas  City 

7950  552  pages  172  Ulus.  $6.00 


"Mr.  Houk  has  put  a  tremendous  amount  of 
time  on  it,  going  over  carefully  all  the  published 
literature  that  has  appeared  in  the  last  forty  or  fifty 
years  relating  to  his  rather  extetuive  and  complicated 
field  of  irrigation  engineering.  Mr.  Houk  has  an 
unusual  talent  for  exposition  and,  in  very  clear  lan¬ 
guage,  elucidates  the  great  number  of  complicated 
relationships  which  are  touched  upon  in  his  explana¬ 
tion  of  the  hydrologic  aspects  of  irrigation  work.” 

7957  545  pages  Ulus.  $9.00 


Send  for  a  copy  of  any  of  these  books  on  approval 


JOHN  WILEY  &  SONS,  Inc.  440  Fourth  Avenue 


New  York  16,  N.  Y. 


